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Good Text-Books 








Bogert’s Chemistry 


This new work is complete and compre- 
hensive. The greater part is devoted to 
general and inorganic chemistry, but such 
subjects as physiologic chemistry and nutri- 
tion are not neglected—not by any means. 
It forms an excellent text-book for classes 
in home economics, biology, and dietetics. 
The needs of pupil and teacher have been 
consistently met. 

By L. Jean Bogert, Ph.D., Lecturer in Chemistry, 


Henry Ford School of Nursing and Hygiene. 12mo 
of 324 pages, illustrated. Cloth, $2.75 net. 


Morse’s Biochemistry 


This new book combines a teaching text 
with laboratory technic and exercises. It 
links up physiologic chemistry with medi- 
cine more closely than any other book. 
The author goes into painstaking detail in 
explaining calculations, organic chemical 
formule, and chemical, physical and bio- 
logic laws and reactions. 

Octavo of 1,000 pages, illustrated. By Withrow 
Morse, Ph.D., Professor of Physiologic Chemistry 


and Toxicology, Jefferson Medical College. 
Cloth, $7.00 net. 


Rosenholtz’ Chemistry 


Dr. Rosenholtz’ book is designed for a brief 
course. As chemistry is an exact science, 
however, the author has not hesitated to 
give full and detailed consideration to fun- 
damental concepts. The first part is de- 
voted to the theory of chemistry, with ques- 
tions at the end of each chapter. The 
section on laboratory practice covers all 
necessary experiments. 


12 mo of 220 pages, illustrated. By Joseph L. Rosen- 

holtz, Ph.D., Lecturer in Chemistry at the Nurses’ 

Training School, Samaritan Hospital, Troy, N. Y. 
Cloth, $2.00 net. 


McClendon & Medes’ 
Physical Chemistry 


The book presents mass and volume, the 
colloid particle, intermolecular forces, elec- 
trolytic dissociation and chemical equi- 
libria, hydrogen ions; radiant energy, 
atomic structure and physiologic action, 
thermochemistry in the living body, col- 
loids in organisms, hydrogen ions in biol- 
ogy, ionic equilibria in blood, osmosis, per- 
meability, and surface forces. 

Octavo of 425 pages, illustrated. By J. F. MeClen- 
don, Ph.D., Professor of Physiologic Chemistry at 
the University of Minnesota Medical School, and 
Grace Medes, Ph.D., Assistant Professor of Physio- 


logic Chemistry at the University of Minnesota Med- 
ical School. Cloth, $4.50 net. 


ANNUAL SUBSCRIPTION, $6.00 


W. B. SAUNDERS COMPANY, West Washington Sq., Philadelphia 


Please send me the books checked (V) and charge to my account:— 
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Twelve Representative WILEY Books 


JONES— 
Genetics in Plant and Animal Improvement. 


By Donald F. Jones, Conn. Agricultural Experi- 
ment Station. A textbook for a first course in the 
fundamental principles of Genetics for students and 
teachers in biology, agriculture and general science. 
568 pages. 6 by 9. 229 figures. $4.00. 


LOW Y-HARROW— 
An Introduction to Organic Chemistry. 


By Alexander Lowy, University of Pittsburgh, and 
Benjamin Harrow, Columbia University. For a gen- 
eral course as an introduction to a more extended 
course or as preparation for the medical, dental, 
pharmaceutical, or other biological sciences. 389 
pages. 6 by 9. Fully illustrated. $3.00. 


DEMING— 
General Chemistry. 2nd Edition. 


By Horace G. Deming, Professor of Chemistry, 
University of Nebraska. A stimulating presentation 
of the subject of chemistry. 605 pages. 6 by 9. 128 
figures. $3.50. Accompanying laboratory manual by 
Deming and Arenson. 247 pages. 6 by 9. Illus- 
trated. $1.80. 


HOLMAN-ROBBINS— 
A Textbook of General Botany for Colleges 
and Universities. 


By R. M. Holman and W. W. Robbins, of the Uni- 
versity of California. Covers a one year course in- 
cluding laboratory work and demonstrations. 590 
pages. 6 by 9. Fully illustrated. $4.00. 


BONAR-HOLMAN-ROUSH— 


A Laboratory Guide for a Course in General 
Botany. 


By Lee Bonar, R. M. Holman, and Lucille Roush, 
University of California. Complete in itself and can 
be used with any textbook. 106 pages. 6 by 9. $1.25. 


HITCHCOCK— 
Methods of Descriptive Systematic Botany. 


By Dr. A. S. Hitchcock, U. S. Department of Agri- 
culture. Treats of taxonomy from the standpoint of 
technique. 216 pages. 6 by 9. $2.50. 


PUTNAM— 


Chart Showing the Chemical Relationships 
in the Mineral Kingdom. 

By Palmer C. Putnam. An aid to determinative 

mineralogy and a complement to microchemical 


methods in the laboratory. 31 pages and the chart. 
6 by 9. $8.00. 


VISHER— 
Climatic Laws, A Summary of Climate. 


By Stephen S. Visher, Indiana University. Ninety 
Generalizations as to the Geographic Distribution of 
Temperature, Wind, Moisture, etc. A technical treat- 
ise that will be useful for all who are actively con- 
cerned with climate. 95 pages. 6 by 9. 9 figures. 
$1.50. 


HUNTINGTON-CUSHING— 
Principles of Human Geography. 3rd Edi- 
tion. 


By Ellsworth Huntington, Yale University, and the 
late S. W. Cushing. Presents man’s relation to his 
environment. It has, in former editions, held the 
interest of students in 350 colleges and schools. 430 
pages. 6 by 9. 118 figures. $3.00. 


FERRY— 


General Physics and Its Application to In- 
dustry and Everyday Life. 


By Irwin S. Ferry, Purdue University. Text: 640 
pages. Problems: 145 pages. Illustrated. $4.00. 


LOBECK— 


Block Diagrams.and Other Graphic Methods 
Used in Geology and Geography. 


By A. K. Lobeck, University of Wisconsin. 206 
pages. 10% by 8. 288 figures. $4.50. 


CURTIS-GUTHRIE— 


Laboratory Directions in General Zoology. 


By W. C. Curtis and M. J. Guthrie, University of 
Missouri. A laboratory manual for an introductory 
course in Zoology. 194 pages. 6 by 9. Illustrated. 
$1.50. 
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SIGNIFICANCE OF THE ETHER-DRIFT 
EXPERIMENTS OF 1925 AT MOUNT 
WILSON? 


THE general acceptance of the theory that light con- 
sists of wave motion in a luminiferous ether made it 
necessary to determine the essential properties of the 
ether which will enable it to transmit the waves of 
light and to account for optical phenomena in gen- 
eral. The ether was at first presumed to fill all space, 
even that oceupied by material bodies, and yet to allow 
all bodies to move through it with apparent perfect 
freedom. The question of whether the ether is car- 
ried along by the earth’s motion has been considered 
from the early days of the wave theory. Theories of 
the ether are intimately associated with theories of the 
structure of matter, and these are among the most 
fundamental in the whole domain of physical science. 

The discovery of the aberration of light, in 1728, 
was soon followed by an explanation according to the 
then accepted corpuscular theory of light. The effect 
was attributed to a simple composition of the velocity 
of light with the velocity of the earth in its orbit. A 
second explanation was proposed, based on the wave 
theory, which seemed almost as simple as the former, 
but it failed to account for the fact, later proved by 
experiment, that the aberration is unchanged when ob- 
servations are made with a telescope filled with water. 
Fresnel developed the theory which has been gener- 
ally accepted, first, that the ether is at rest in free 
space and in opaque bodies, while, second, in the in- 
terior of moving transparent bodies it is supposed to 
move with a velocity less than the velocity of the 


. . n? 
body in the ratio 





wet, where n is the index of re- 
fraction. These two hypotheses give a complete and 
satisfactory explanation of aberration; the second is 
considered to have been proved by the experiments of 
Fizeau and of Michelson and Morley on the velocity 
of light in moving media; the first hypothesis, that of 
an ether at rest in space and in opaque bodies, has 
always been in doubt. 

Several physicists have sought to prove the exist- 
ence of the stationary ether by direct experiment. The 
most fundamental of such proposals was that of Pro- 
fessor A. A. Michelson, made in 1881, based upon 
the idea that the ether as a whole is at rest and that 
light waves are propagated in the free ether in any 
direction and always with the same velocity with re- 


1 Address of the president of the American Physical 
Society, read at Kansas City, December 29, 1925. 
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spect to the ether. It was also assumed that the earth 
in its orbital motion around the sun passes freely 
\ throngh this ether as though the latter were absolutely 
stationary in space. The experiment proposed to de- 
tect a relative motion between the earth and the ether, 
and it is this relative motion which is often referred 
to as “ether-drift.” 


ried by the earth in the line in which the light is 
traveling or at right angles to this line.} The velocity 
of light is three hundred thousand kilometers per sec- 
ond, while the velocity of the earth in its orbit is one 
ten thousandth part of this, thirty kilometers per 
second. The actual motion of the earth is at all times 
the resultant of the motion of the earth in its orbit, 
varying in direction and having a velocity of thirty 
kilometers per second, and of the constant motion of 
the sun (including the whole solar system), in an un- 
known direction and with an unknown velocity. 
Therefore, the actual relative motion of the earth and 
ether is unknown, and it may be less than thirty kilo- 
meters per second or very much greater. If it is as- 
sumed that the relative motion is equal to that of the 
earth in its orbit, and if it were possible to measure 
the direct effect of this motion on the apparent veloc- 
ity of light, then the velocity measured in the line of 
motion should differ from the apparent velocity at 
right angles to this line, by thirty kilometers per sec- 
ond, or by one part in ten thousand. This is what is 
ealled a “first order effect”; but, unfortunately, there 
is no known method of measuring the velocities under 
such simple conditions. All methods require the ray 
of light to travel to a distant station and back again 
to the starting point, and a positive effect of the 
earth’s motion on the ray going outward would be neu- 
tralized by a negative effect on the returning ray. 
But, for a moving observer, it was shown that the neu- 
tralization would not be quite complete; the apparent 
velocity of the ray going and coming in the line of 
the earth’s motion would differ from the apparent 
velocity of the ray going and coming at right angles, 
in the ratio of the square of the velocity of the earth 
to the velocity of light, that is, by an amount equal 
to one part in (10,000)? or to one part in 100,000,000. 
The only effect which can be experimentally deter- 
mined, therefore, is exceedingly minute; it is a “sec- 
ond order effect.” 

A remarkable instrument known as the “inter- \ 
ferometer,” which had been invented by Professor | 
Michelson, is capable of detecting a change in the | 
velocity of light of the small amount involved in ether \ 
drift. In this experiment a beam of light is literally | 
split in two by a thin film of silver, on what is called 
the “half-silvered mirror”; the coating of silver is 
thin enough to allow about half of the light to pass 
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The experiment is based upon \ 
the argument that the apparent velocity of light | 
would vary according to whether the observer is car- | 
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straight through, while the other half is reflected j, 
the usual manner. These two beams of light may thy 
be made to travel paths at right angles to each othe; | 
At the end of the desired path each beam is reflectoj. 
back upon itself and the two come together where they 
first separated. If the two paths are optically equal 
that is, if there are exactly the same number of waye. 
lengths of light in each, the reunited portions yjjj 
blend with the waves in concordance. If, however, 
one path is a half-wave longer than the other, the 
waves will come together in “opposite phase,” the 
erest of one coinciding with the trough of the other. 
These and other phase relations between the two ray; 
produce effects called “interference fringes,” observa. 
tion of which enables one to detect slight changes iy 
the velocity of light in the two paths, 

- In the year 1887, at Case School of Applied Sa. 
ence, in Cleveland, Professor Michelson, in collabors- 
tion with the late Professor Edward W. Morley, of 
Western Reserve University, made certain important 
developments of method and apparatus and used the 
interferometer in the now famous “Michelson-Morley 
experiment,” in an effort to determine whether the 
motion of the earth through space produces the effect 
upon the velocity of light as predicted by theory. 
Unfortunately we do not know in what absolute direc 
tion the earth is going and so it is not possible to 
place the interferometer certainly in this direction. 
Therefore, the whole apparatus is mounted on a base 
which floats on mercury so that it can be turned to 
all azimuths of the horizontal plane of observation in 
the effort to find the direction of the drift. The rots- 
tion of the earth on its axis causes the plane of the 
interferometer to move as though it were on the sur- 
face of a rotating cone, the axis of which coincides 
with that of the earth and thus to take many different 
space orientations. It is only that component of the 
actual drift which lies in the plane of the interferom- 
eter at the moment of observation which can be ob- 
served. Therefore, the apparent azimuth and magni- 
tude of the drift should change with the time of ob- 
servation. 

The full significance of the ether-drift experiments 
of 1925 can be presented only by considering the i 
terpretations given to the experiments made pre- 
viously. For this reason a historical summary of all 
the experiments will be given. 

In July, 1887, Michelson and Morley made six sets 
of observations for the ether-drift effect, one at noon 
and one at six o’clock in the evening, on each of three 
days, July 8,9 and 11. This constitutes the whole of 
the observations made by Michelson and Morley. In 
November, 1887, they announced their conclusions 2s 
follows: “Considering the motion of the earth in its 
orbit only . . . the observations show that the rela- 
tive motion of the earth and the ether is probably less 
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than one sixth of the earth’s orbital velocity and cer- 
tainly Jess than one fourth.” (That is, it is less than 
seven and one half kilometers per second.) It is to 
pe noted that this experiment was designed and car- 
ried out solely to detect the influence of the earth’s 
orbital motion, which should have different values at 
the two times of day chosen for observation, and that 
the smallest quantity which could be measured with 
certainty was one fourth of the expected effect. 

In 1895, Lorentz and FitzGerald suggested that the 
motion of translation, of a solid through the ether 
might produce a contraction in the direction of the 
motion, With extension transversely, the amount of 
which is proportional to the square of the ratio of the 
velocities of translation and of light, and which might 
have a magnitude such as to annul the effect of the 
ether-drift in the Michelson-Morley interferometer. 
The optical dimensions of this instrument were deter- 
mined by the base of sandstone on which the mirrors 
were supported. If the contraction depends upon the 
physical properties of the solid, it was suggested that 
pine timber would suffer greater compression than 
sandstone, while steel might be compressed in a lesser 
degree. If the compression annuls the expected effect 
in one apparatus, it might in another apparatus give 
splace to an effect other than zero, perhaps with the 
ontrary sign. 

The writer, in collaboration with Professor Morley, 
constructed an interferometer about four times as sen- 
sitive as the one used in the first experiment, having 
a light path of 214 feet, equal to about 130,000,000 
wave-lengths. In this instrument a relative velocity 
of the earth and ether equal to the earth’s orbital 
elocity would be indicated by a displacement of the 
nterference fringes equal to 1.1 fringes. This is the 
size of the instrument which has been used ever since. 
The optical parts were all new and nothing was used 
irom the original apparatus excepting the mercury 
ank and its wooden float. 

Such an instrument with a base made of planks of 
pine wood was used at Cleveland, in 1902, 1903 and 
904, for the purpose of directly testing the Lorentz- 

itzGerald effect, but the changes in the wooden frame 
tue to the variations in humidity and temperature 
made it difficult to obtain accurate observations. A 
hew supporting frame was designed by Professor F. 
H. Neff, of the Department of Civil Engineering of 
ase School of Applied Science, the purpose being to 
secure both symmetry and rigidity. This frame, or 
base, was made of structural steel and was so arranged 
hat the optical dimensions could be made to depend 
pon distanee-pieces of wood, or upon the steel 


') * Michelson and Morley, ‘‘ Relative Motion of the Earth 
nd the Luminiferous Ether,’’ Am. Jl. of Sci., 34, 333 
1887); Phil. Mag., 24, 449 (1887); Jl. de Phys., 7, 
44 (1888), 
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frame itself. Observations were made with this ap- 
paratus in 1904. The procedure was based upon the 
effect to be expected from the combination of the di- 
urnal and annual motions of the earth together with 
the presumed motion of the solar system towards the 
constellation Hercules with a velocity of 17.7 kilo- 
meters per second. On the dates chosen for the ob- 
servations there were two times of the day when the 
resultant of these motions would lie in the plane of 
the interferometer, about 11:30 o’clock, A. M., and 
9:00 o’clock, P. M. The calculated azimuths of the 
motion would be different for these two times. The 
observations at these two times were, therefore, com- 
bined in such a way that the presumed azimuth for 
the morning observations coincided with that for the 
evening. The observations for the two times of day 
gave results having positive magnitudes but having 
nearly opposite phases; when these were combined, 
the result was nearly zero. The result, therefore, was 
opposed to the theory then under consideration; but 
according to the ideas which will be set forth later in 
this address it now seems that the superposition of 
the two sets of observations of different phases was 
based upon an erroneous hypothesis and that the posi- 
tive results then obtained are in accordance with a 
new hypothesis as to the solar motion. Our report of 
these experiments published in the Philosophical Mag- 
azine for May, 1905, concludes with the following 
statement: “Some have thought that this experiment 
only proves that the ether in a certain basement room 
is carried along with it. We desire therefore to place 
the apparatus on a hill to see if an effect can be there 
detected,”’* 

In the autumn of 1905, Morley and Miller removed | 
the interferometer from the laboratory basement to 
a site on Euclid Heights, Cleveland, free from ob- 
struction by buildings, and having an altitude of about 
three hundred feet above Lake Erie and about eight 
hundred and seventy feet above sea-level. Five sets 
of observations were made in 1905-1906, which give a 
definite positive effect of about one tenth of the then 
“expected” drift. There was a suspicion that this 
might be due to a temperature effect, though there was 
no direct evidence of this. A plan was made for put- 
ting this surmise to the test after a summer’s vaca- 
tion. We had erected the interferometer on land 
owned by a friend; during our vacation absence, the 
land was sold and the new owner ordered the imme- 
diate removal of the interferometer. Professor Mor- 
ley retired from active work in 1906 and it devolved 
upon the present writer to continue the experiments. 


3 Morley and Miller, ‘‘An Experiment to detect the 
Fitz-Gerald-Lorentz Effect,’’ Phil. Mag., 9, 680 (1905) ; 
Proc. Am. Acad. Arts and Sci., 41, 321 (1905); ‘‘On the 
Theory of Experiments to detect Aberrations of the Sec- 
ond Degree,’’ Phil. Mag., 9, 669 (1905). 
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It seemed desirable that further observations should 
be carried out at a much higher altitude, but numer- 
ous causes prevented the resumption of observations. 

It was at this time that Einstein became interested ; 
and in November, 1905, he published a paper on “The 
Electrodynamics of Moving Bodies.”* This paper was 
the first of a long series of papers and treatises by 
Einstein and others, which has developed into the 
present theory of relativity. In this first paper, Ein- 
stein states the principle of the constancy of the veloc- 
ity of light, postulating that for an observer on the 
moving earth, the measured velocity of light must be 
constant, regardless of the direction or amount of the 
earth’s motion. The whole theory was related to 
physical phenomena, largely on the assumption that 
the ether-drift experiments of Michelson, Morley and 
Miller had given a definite and exact null result. 

The deflection of light from the stars by the sun, 
as predicted by the theory of relativity, was put to 
the test at the time of the solar eclipse of 1919. The 
results were widely accepted as confirming the theory. 
This revived the writer’s interest in the ether-drift ex- 
periments, the interpretation of which had never been 
acceptable to him. 

The site of the Mount Wilson Observatory, near 
Pasadena, California, at an elevation of about six 
thousand feet, appeared to be a suitable place for 
further trials. An elaborate program of experimen- 
tation was prepared, and ample funds to cover the 
very considerable expense involved were very gener- 
ously provided by Mr. Eckstein Case, of Cleveland. 
The president and trustees of Case School of Applied 
Science gave every possible assistance by allowing 
leave of absence to the writer at such times as were 
desirable for making the experiments and by provid- 
ing an assistant for carrying on the very laborious 
work of calculating and analyzing the observations. 
Through the kindness of President Merriam, of the 
Carnegie Institution of Washington, and of Directors 
Hale and Adams, the ether-drift experiments have 
been carried on at the Mount Wilson Observatory dur- 
ing the past five years. 

Observations were begun in March, 1921, using the 
apparatus and methods employed by Morley and 
Miller in 1904, 1905 and 1906, with certain modifica- 
tions and developments in details. The very first ob- 
servation gave a positive effect such as would be pro- 
duced by a real ether-drift, corresponding to a relative 
motion of the earth and ether of about ten kilometers 
per second. But before announcing such a result it 
seemed necessary to study every possible cause which 
might produce a displacement of fringes similar to 
that caused by ether-drift; among the causes sug- 


4Einstein, ‘‘Zur electrodynamik bewegter KOorper, 


Ann. der Physik, 17, 891 (1905). 
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gested were magneto-striction and radiant heat, |, 
order to test the latter the metal parts of the inte. 
ferometer were completely covered with cork aboy 
one inch thick, and fifty sets of observations wep 
made showing a periodic displacement of the frip 
as in the first observations, thus showing that radiant 
heat is not the cause of the observed effect. 

In the summer of 1921 the steel frame of the inter. 
ferometer was dismounted and a base of one pieg 
of concrete, reinforced with brass, was cast in plac 
on the mercury float. All the metal parts were mad 
of aluminum or brass, thus the entire apparatus wa 
free from magnetic effects and the possible effects 
due to heat were much reduced. In December, 192) 
forty-two sets of observations were made with the 
non-magnetic interferometer. These show a positive 
effect as of an ether drift, which is entirely consistent 
with the observations of April, 1921. Many var. 
ations of incidental conditions were tried at this 
epoch. Observations were made with rotations of 
the interferometer clockwise and counter-clockwise, 
with a rapid rotation and a very slow rotation, with 
the interferometer extremely out of level, due to the 
loading of the float on one side. Many variations of 
procedure in observing and recording were tried. 
The results of the observations were not affected by 
any of these changes.® 

The entire apparatus was returned to the labora. 
tory in Cleveland. During the years 1922 and 1923 
many trials were made under various conditions 
which could be controlled and with many modifics- 
tions of the arrangements of parts in the apparatus. 
An arrangement of prisms and mirrors was made ‘8 
that the source of light could be placed outside of 
the observing room, and a further complication of 
mirrors was tried for observing the fringes from 4 
stationary telescope. Methods of photographic regis- 
tration by means of a motion picture camera were 
tried. Various sources of light were employed, in- 
cluding sunlight and the electric are. Finally an ar 
rangement was perfected for making observations 
with an astronomical telescope having an objective 
of five inches aperture and a magnification of fifty 
diameters. The source of light adopted was a large 
acetylene lamp of the kind commonly used for auto- 
mobile headlights. An extended series of exper: 
ments was made to determine the influence of ir- 
equality of temperature and of radiant heat, and 
various insulating covers were provided for the base 
of the interferometer and for the light path. These 
experiments proved that under the conditions of a¢ 
tual observation the periodic displacement could no 
possibly be produced by temperature effects. An &X 

5 Miller, ‘‘Ether-drift Experiments at Mount Wilso 
Observatory,’’ Phys. Rev., 19, 407 (1922); Scrmncz, 5), 
496 (1922). 
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tended investigation in the laboratory demonstrated 
that the full-period effect mentioned in the prelimi- 
nary report of the Mount Wilson observations is a 
necessary geometrical consequence of the adjustment 
of mirrors When fringes of finite width are used and 
that the effect vanishes only for fringes of infinite 
width, as is presumed in the simple theory of the 
experiment. 

In July, 1924, the interferometer was taken again 
to Mount Wilson and mounted on a new site where 
the temperature conditions were more favorable than 
those of 1921. The interferometer house was also 
mounted with a different orientation. Again the ob- 
servations showed a real periodic displacement of the 
fringes, as in all the observations previously made 
at Mount Wilson and at Cleveland. 

In spite of long-continued efforts it was impossible 
to account for these effects as being due to terrestrial 
causes or to experimental errors. Very extended cal- 
culations were made in the effort to reconcile the ob- 
served effects with the accepted theories of the ether 
and of the presumed motions of the earth in space. 


iThe observations were repeated at certain epochs to 


tests one after another of the hypotheses which were 
suggested. At the end of the year 1924, when a 
solution seemed impossible, a complete calculation 
of the then expected effects, for each month of the 
year, was made for the first time. This indicated that 
the effect should be a maximum about April first, and 
further that the direction of the effect should, in the 
course of the twenty-four hours of the day, rotate 
completely around the horizon. Observations were 
made for verifying these predictions in March and 
April, 1925. The effect was equal in magnitude to 
the largest so far observed; but it did not point 
successively to all points of the compass, that is, it 
did not point in directions 90° apart at intervals of 
six hours, nor point in opposite directions at inter- 
als of twelve hours. Instead of this, the direction 
merely oscillated back and forth through an angle of 
about 60°, having, in general, a northwesterly di- 
rection. 

Previous to 1925, the Michelson-Morley experiment 
has always been applied to test a specific hypothesis. 
The only theory of the ether which has been put to 
he test is that of the absolutely stationary ether 


hrough which the earth moves without in any way | 


listurbing it. To this hypothesis the experiment gave 
A negative answer. The experiment was applied to 
est the question only in connection with specific as- 
sumed motions of the earth, namely, the axial and 
orbital motions combined with a constant motion of 
the solar system towards the constellation Hercules 
vith the velocity of about nineteen kilometers per 
second. The results of the experiment did not agree 
vith these presumed motions. The experiment was 
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applied to test the Lorentz-FitzGerald hypothesis that 
the dimensions of bodies are changed by their motions 
through the ether; it was applied to test the effects 
of magneto-striction, of radiant heat and of gravita- 
tional deformation of the frame of the interferometer. 
Throughout all these observations, extending over a 
period ‘of years, while the answers to the various 
questions have been “no,” there has persisted a con- 
stant and consistent small effect which has not been 
explained. 

The ether-drift interferometer is an instrument 
which is generally admitted to be suitable for deter- 
mining the relative motion of the earth and the 
ether, that is, it is capable of indicating the direction 
and the magnitude of the absolute motion of the 
earth and the solar system in space. If observations 
were made for the determination of such an absolute 
motion, what would be the result, independent of 
any “expected” result? For the purpose of answer- 
ing this general question, it was decided to make more 
extended observations at other epochs in 1925, and 
this was done in the months of July, August and 
September. 

It may be asked: why was not such a procedure 
adopted before? The answer is, in part, that we 
were concerned with the verification of certain pre- 
dictions of the so-called classical theories; and in 
part that it is not easy to develop a new hypothesis, 
however simple, in the absence of direct indication. 
Probably a considerable reason for the failure is the 
great difficulty involved in making the observations at 
all times of day at any one epoch. I think I am not 
egotistical, but am merely stating a fact when it is 
remarked that the ether-drift observations are the 
most trying and fatiguing, as regards physical, mental 
and nervous strain, of any scientific work with which 
I am acquainted. The mere adjustment of an inter- 
ferometer for white-light fringes and the keeping 
of it in adjustment, when the light path is 214 feet, 
made up of sixteen different parts, and when it is in 
effect in the open air, requires patience as well as a 
steady “nerve” and a steady hand. Professor Morley 
once said, “Patience is a possession without which no 
one is likely to begin observation of this kind.” The 
observations must be made in the dark; in the day- 
time, the interferometer house is darkened with black 
paper shades; the observations must be made in a 
temperature which is exactly that of the out-of-door 
air; the observer has to walk around a circle about 
twenty feet in diameter, keeping his eye at the moving 
eyepiece of the telescope attached to the interferom- 
eter which is floating on mercury and is turning on its 
axis steadily, at the rate of about one turn a minute; 
the observer must not touch the interferometer in any 
way, and yet he must never lose sight of the inter- 
ference fringes, which are seen only through the small 
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aperture of the eyepiece of the telescope, about a 
quarter of an inch in diameter; the observer makes 
sixteen readings of the position of the interference 
fringes in each turn, at times indicated by an elec- 
trical clicker; these operations must be continued 
without a break through a set of observations, which 
usually lasts for about fifteen or twenty minutes, and 
this is repeated continuously during the several hours 
of the working period. 

When observations are in progress the interfer- 
ometer to which the observing telescope is attached 
is caused to rotate on the mercury float so that the 
telescope points successively to all points of the 
compass, that is, it points to all azimuths. A relative 
motion of the earth and the ether should cause a 
periodic displacement of the interference fringes, the 
fringes moving first to one side and then to the other 
as referred to a fiducial point in the field of view, 
with two complete periods in each rotation of the 
instrument. Beginning when the telescope points 
north, the position of the fringes is noted at sixteen 
equidistant points around the horizon. The azimuth 
of the line of sight when the displacement is a maxi- 
mum having been noted at two different times of 
day, it is a simple operation to calculate the right 
ascension and declination, or the “apex” of the pre- 
sumed “absolute” motion of the earth in space. The 
determination of the direction of the earth’s motion 
is dependent only upon the direction in which the 
telescope points when the observed displacement of 
the fringes is a maximum; it is in no way dependent 
upon the amount of this displacement nor upon the 
adjustment of the fringes to any particular zero posi- 
tion. As the readings are taken at intervals of about 
three seconds, the position of the maximum is depen- 
dent upon observations covering an interval of less 
than ten seconds. A whole period of the displace- 
ment extends over only about twenty-five seconds. 
Thus the observations for the direction of the abso- 
lute motion are largely independent of ordinary tem- 
perature disturbances. The observation is a differ- 
ential one and can be made with considerable cer- 
tainty under all conditions. A set of readings usually 
consists of twenty turns of the interferometer made 
in about fifteen minutes’ time; this gives forty deter- 
minations of the periodic effect. The forty values are 
simply averaged to give one “observation.” Any tem- 
perature effect, or other disturbing cause, which is not 
regularly periodic in each twenty seconds over an 
interval of fifteen minutes would largely be cancelled 
out in the process of averaging. The periodic effect 
remaining in the final average must be real. 

The position of the fringe system is noted in units 
of a tenth of a fringe width. The actual velocity 
of the earth’s motion is determined by the amplitude 
of the periodic displacement, which is proportional 
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to the square of the relative velocity of the cart 
and the ether and to the length of the light path in th, 
interferometer. A relative motion of thirty kijp. 
meters per second, equal to the velocity of the earth 
in its orbit, would produce a displacement of thy 
fringes from one extreme to the other, of 1.1 fringes, 
Disturbances due to temperature or other causes last- 
ing for a few seconds or for a few minutes might 
affect the actual amount of the observed displace. 
ment and thus give less certain values for the velocity 
of relative motion, while at the same time the position 
of maximum displacement is not disturbed. Thy jt 
is to be expected that the observations for the velocity 
of motion will not be as precise as the observations 
for the direction of motion. The two things, magni. 
tude and azimuth of observed relative motion, ar 
quite independent of each other. 

It is desirable to have observations equally dis. 
tributed over the twenty-four hours of the day; since 
one set requires about fifteen minutes of time, ninety. 
six sets, properly distributed, will suffice. 
ing of such a series usually occupies a period of ten 
days. The observations are finally reduced to one 
group and the mean date is considered the date of the 
epoch. The observations made at Mount Wilson in 
1925 correspond to the three epochs, April 1, August 
1 and September 15, and are more than twice a 
numerous as all the other ether-drift observations 
made since 1881. The total number of observations 
made at Cleveland represent about 1,000 turns of 
the interferometer, while all the observations made at 
Mount Wilson previous to 1925-correspond to 1,20) 
turns. The 1925 observations consist of 4,400 tums 
of the interferometer, in which over 100,000 readings 
were made. A group of eight readings gives a value 
for the magnitude and direction of the ether-drift 
function, so that 12,500 single measures of the drift 
were obtained. This required that the observer should 
walk, in the dark, in a small cirele, for a total dis- 
tance of 100 miles, while making the readings 
Throughout these observations the conditions wert 
exceptionally good. At times there was a fog which 
rendered the temperature very uniform. Four pre 
cision thermometers were hung on the outside walls 
of the house; often the extreme variation of teu 
perature was not more than one tenth of a degree, 
and usually it was less than four tenths of a degrt. 
Such variations did not at all affect the periodic dis 
placement of the fringes. It may be added that while 
the readings are being taken, neither the observer 10 
the recorder can form the slightest opinion as " 
whether any periodicity is present, much less as " 
the amount or direction of any periodic effect. 

The hundred thousand readings are added in group’ 
of twenty, are averaged and then are plotted in curv 
These curves are subjected to mechanical harmon 
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analysis for the purpose of determining the azimuth 
and magnitude of the drift. In this work all the 
original observations have been used, without any 
omissions and without the assignment of weights; fur- 
thermore, there are no corrections of any kind to be 
applied to the observed values. The results of the 
analyses are finally charted in such a way as to show 
the variation in the azimuth of the drift throughout 
the day of twenty-four hours for each epoch, and the 
variation in magnitude is similarly charted. The ob- 
servations of 1925 thus provide six curves, three 
showing the variation in azimuth for the different 
epochs and three showing the variation in magnitude. 
The curves are shown in Figs. 1 and 2. The dots, 
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connected by the light lines, represent single observa- 
tions, each being the average of the readings from 
twenty turns of the interferometer during an interval 
of about fifteen minutes. The heavy line represents 
an arbitrary average of the single observations for the 
one epoch. In Fig. 1 the base line represents the 
twenty-four hours of the local civil day; a position on 
this line corresponds to a direction of motion to the 
north, while a point above the line indicates an 
easterly azimuth and one below the line, a westerly 
azimuth. In Fig. 2 the base again represents the 
hours of the civil day, while the magnitude of the 
ether drift, that is, the velocity of relative motion, 
throughout the day, is charted in kilometers per sec- 


~ Kf 


ond. It is at once evident that there is something 
real in the observations; each curve has a definite 
and a characteristic form; certainly, the results are 
not zero, neither are they due to accidental errors of 
observation. The azimuth of the observed effect, Fig. 
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1, varies in a periodic manner throughout the twenty- 
four hours of the day, the average being about 45° 
west of north, with the time of greatest westerly 
deviation varying with the time of year. Fig. 2 shows 
that the magnitude of the effect also varies periodic- 
ally, with its maximum of about ten kilometers per 
second occurring at different times of day at different 
times of year. 

It has been impossible to specify any effects of 
temperature, radiant heat, magnetism, gravitation or 
any other cause, which can produce the systematic 
variations indicated for the different epochs. The 
presumption was then made that the effects may be 
due to the motion of the earth and of the whole 
solar system through the ether, that is, to a real ether 
drift. Various graphic and numerical solutions were 
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made for determining the apex and velocity of such a 
motion. These trial solutions were checked by means 
of a mechanical parallelogram apparatus, and finally 
by a partial least-squares solution. It was found that 
a direction towards a point in the constellation Draco, 
having the right ascension of 262° (1714 hours) and 
the declination of + 65°, when projected on the plane 
of the interferometer at all times of the day for 
the three epochs of observations, would have an 
azimuth which would vary as shown by the smooth, 
heavy-line curves of Fig. 3. The azimuth would, how- 
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ever, vary equally to the east and to the west of north; 
that is, the curve should be partly above and partly 
below the horizontal base line of the figure. As 
drawn, the curves have been arbitrarily displaced 
downward (westward) to match the broken line curves 
which show the actual results of observation, taken 
from Fig. 1. 

If the motion has a direction towards the constel- 
lation Draco with a velocity of ten kilometers per 
second, which remains constant throughout the year, 
its projection on the plane of the interferometer would 
vary in magnitude throughout the day, for the three 
epochs of observations, as shown by the smooth curves 
in Fig. 4. The broken-line curves show the variation 
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in magnitude of the observed effect, being the ayey. 
ages from Fig. 2. 

The curves so far considered have been plotted wit) 
respect to local civil time for Mount Wilson. If the 
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direction and magnitude of the motion are constant 
throughout the year the curves of the variation are 
more appropriately plotted with respect to sidereal 
time; in Fig. 5 the curves are so plotted, the heavy 
line representing the averages of all observations 
for 1925. There is a remarkable agreement of the 
eurves for the different times of year when plotted 
against sidereal time; the figure shows that the cor- 
cordance of the curves for the direction of motion 
is better than for the magnitude. In Fig. 6 the 
final averages of Fig. 5 are shown by the broken-line 
curves, while the computed effects are shown by the 
smooth curves. For the azimuth the curves art 
drawn to a scale of displacement twice that of the 
preceding figures, the better to bring out the remark- 
able agreement between the curves. 

As far as the observed quantities entering into 
these two curves are concerned, they are quite inde: 
pendent of each other; and each gives values of the 
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right ascension and declination of the earth’s absolute 
motion. The right ascension is the sidereal time at 
which the azimuth (in the simple case) passes from 
east to west of north; this corresponds to the place 
where the curve crosses its true axis when passing 
from a maximum to a minimum. The dotted lines in 
the lower part of Fig. 6 show that this occurs at 
1714 hours, which is the right ascension of the apex; 
or being expressed in degrees it is equal to 262°. 
The declination of the apex may be determined from 
the amplitude of the curve taken in connection with 
the latitude of the observatory; the value thus ob- 
tained is a declination of +65°. The observed 
velocity of the earth’s motion, projected on the plane 
of the interferometer, should show a daily variation in 
magnitude as a result of the rotation of the earth on 
its axis; this magnitude should drop to its minimum 
value at a sidereal time which is the right ascension of 
the apex; and should reach its maximum twelve hours 
from this time. Considering the latitude of Mount 
Wilson, 31° 14’, and the declination of the apex as 
just determined from the azimuth of observations, it 
appears that at the time of maximum the plane of the 
interferometer makes an angle of less than 8° with 
the direction of the earth’s motion; thus the projection 
of the velocity at this time does not differ appreciably 
from its full value, which is then shown to be equal 
to ten kilometers per second. The declination of the 
apex may be determined from the magnitude observa- 
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tions, as well as from those for azimuth, since it de- 
termines the ratio of maximum and minimum values 
of velocity for a given latitude. The agreement of 
the two right ascensions derived from these inde- 
pendent curves, indicated by dotted lines in Fig. 6, 
together with an equal concordance of tie declina- 
tions, is a further very strong confirmation of the 
argument that the observed effects and the presumed 
motion are directly related. 








wo} 
: 
* 
x 
: t 
S 
: 
= 
{ 
! 
0| DOEREAL Tie — Hours 
l2 _ 18 2/ = 





AVERAGE For 1925 


Ss 





AzimuTH -— DEGREES 


3. 











Fia. 6 


A study of the numerical results shows that the 
probable error in the determination of the azimuth of 
the effect is + 2°, while the probable error of the ob- 
served velocity on the supposition of a maximum 
value of ten kilometers per second is + 0.6 kilometers 
per second. 

The argument that the direction and magnitude of 
the observed ether drift is independent of local time 
and is constant with respect to sidereal time implies 
that the effect of the earth’s orbital motion is imper- 
ceptible in the observations. No effect of this orbital 
motion has been found in these observations of 1925; 
this is strictly in accordance with the results obtained 
by Michelson and Morley in 1887 and by Morley and 
Miller in 1905. In order to account for this fact it is 
assumed that the constant motion of the earth in 
space is more than two hundred kilometers per sec- 
ond, but that for some unexplained reason the relative 
motion of the earth and the ether in the interferom- 
eter at Mount Wilson is reduced to ten kilometers per 
second; under these conditions a component motion 
equal to the earth’s orbital motion would produce an 
effect on the resultant which is just below the limit of 


sapiens 
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the smallest quantity which can be measured by the 
present interferometer. It is for this reason that it 
is concluded that the velocity of the motion of the 
solar system is at least two hundred kilometers per 
second and it may be much greater. The fact that 
the observed effect is dependent upon sidereal time 
and is independent of diurnal and seasonal changes of 
temperature and other terrestrial causes shows that it 
is a cosmical phenomenon. 

The previous observations made at Mount Wilson, 
while not sufficiently extended to determine curves of 
the kind just indicated, should, nevertheless, be con- 
sistent with these observations. In Fig. 7 the results 
of the observations for April 15, 1921, are compared 
with the curves calculated from the observations of 
1925, showing a very good agreement. 
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The complete study of the ether-drift experiments 
of 1925, at Mount Wilson, leads to the conclusion 
that there is a systematic displacement of the inter- 
ference fringes of the interferometer corresponding 
to a constant relative motion of the earth and the 
ether at this observatory of ten kilometers per sec- 
ond; and that the variations in the direction and mag- 
nitude of the indicated motion are exactly such as 
would be produced by a constant motion of the solar 
system in space, with a velocity of two hundred kilo- 
meters, or more, per second, towards an apex in the 
constellation Draco, near the pole of the elliptic, 
which has a right ascension of 262° and a declination 
of +65°. In order to aceount for these effects as the 


result of an ether drift, it seems necessary to assume 
that, in effect, the earth drags the ether so that the ap- 
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parent relative motion at the point of observation js 
reduced from two hundred, or more, to ten kilometers 
per second, and further that this drag also displaces 
the apparent azimuth of the motion about 45° to the 
west of north. 

It is evident that the present experiments are yo 
more consistent with the old theories of a stagnant 
ether than were those of Michelson and Morley of 
1887, and of Morley and Miller of 1905; the present 
work is in no way a contradiction of the earlier re. 
sults, but is rather a confirmation and extension of 
them. That a set of six characteristic curves obtained 
from observations which are wholly independent of 
each other, and which were made at times of year with 
extreme differences of weather conditions, so con- 
sistently fit curves depending upon the assumed mo. 
tion, as shown in Figs. 5 and 6, leads irresistibly to 
the conclusion that the observed effects are related to 
the presumed cause. One is compelled therefore to 
consider whether there can be a possible readjustment 
of the theories of the ether that will account for the 
reduced velocity and other experimental results. 

The values of the quantities defining the absolute 
motion of the solar system as obtained from these 
ether-drift observations are in general agreement with 
the results obtained by other methods. The recent 
study of proper motions of stars by Ralph Wilson, of 
the Dudley Observatory, and of the radial motions of 
the stars by Campbell and Moore, of the Lick Ob- 
servatory, give the apex of the sun’s way in the con- 
stellation Hercules with a right ascension of 270° and 
a declination of about + 30°, with a velocity of about 
nineteen kilometers per second. Dr. G. Stromberg, 
of the Mount Wilson Observatory, from a study of 
globular clusters and spiral nebulae, finds evidence of 
a motion of the solar system towards a point having 
a right ascension of 307° and a declination of +56”, 
with a velocity of three hundred kilometers per sec- 
ond. Lundmark, studying the spiral nebulae, finds 
evidence of a motion having a velocity of four hur- 
dred kilometers per second. The various determina- 
tions of the motion of the solar system are all in the 
same general direction and lie within a circle having 
a radius of 20°. Our assumed velecity of two hun- 
dred kilometers per second is simply a lower limit; 
it might equally well be three hundred or four hundred 
kilometers per second. The first assumption there- 
fore seems to offer no difficulty. The location of the 
apex in the constellation Draco, at right ascension 
262° and declination + 65°, is within 6° of the pole 
of the ecliptic, that is, the indicated motion of the 
solar system is almost perpendicular to the plane of 
the ecliptic. The sun’s axis of rotation points ‘0 
within 12° of this apex. One can not help wondering 
whether there may be some dynamic significance 12 
these facts. 
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The assumption that there is a drag of the ether 
py the earth involves a considerable readjustment of 
the theories of the ether, inasmuch as it requires a 
modification of the accepted explanation of aberra- 
tion. In commenting on the preliminary report of 
this work presented to the National Academy of Sci- 
ences in April, 1925, Dr. L. Silberstein said: “From 
the point of view of an ether theory, this set of re- 
sults, as well as all others previously discovered, are 
easily explicable by means of the Stokes ether con- 
cept, as modified by Planck and Lorentz, and dis- 
cussed by the writer (Silberstein) in the Philosophical 
Magazine.”® 

The theory of Stokes may be described by means of 
the following sentences selected from Sir Joseph Lar- 
mor’s treatise on “Aether and Matter,” pages 10, 13, 
35 and 36: 


As Sir George Stokes was not disposed to admit that 
the aether could pass freely through the interstices of 
material bodies in the manner required by Fresnel’s views, 
and as any other theory of its motion which could be 
consistent with the fact of astronomical aberration re- 
quired irrotational flow, an explanation of the limitation 
to that flow had, he considered, to be found. This chain 
of argument, that motion of bodies disturbs the aether, 


f that aberration requires the disturbance to be differen- 


tially irrotational, that this can only be explained by the 
dispersion of incipient rotational disturbance by trans- 
verse waves, and further that radiation itself involves 
transverse undulation, he regards as mutually consistent 
and self supporting, and therefore, as forming distinct 
evidence in favor of this view of the constitution of the 
aether.... The question then arises how far this ex- 
planation will extend to the case in which the aether is 
entrained by the matter that is moving through it. Atten- 
tion has already been drawn to Sir George Stokes’s con- 
siderations which would make the luminiferous property 
itself prevent the initiation of any rotational motion in 
the aether. It is in fact not difficult to prove that the 
energy of strain of a rigid incompressible medium of the 
type of ordinary matter may be expressed as a volume 
integral involving only the differential rotation, together 
with surface integrals extended over boundaries; and it 
follows that any local beginnings of rotational motion 
in an aether of elastic-solid type would be immediately 
carried off and distributed by transverse waves, so that 
if the rigidity is great enough no trace of rotational mo- 
tion of the medium in bulk can ever accumulate. 


There are systematic differences in the so-called con- 
stant of aberration and in standard star places as de- 


_ termined at different observatories, which might be 


explained on the hypothesis of a variation in ether 
drift due to differences in the local coefficient of drag. 
The drag at any given station may depend more or 
less upon altitude, local contour and the distribution 
of large masses of land such as mountain ranges. The 


® February, 1920, Vol. 39, page 161. 
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ether-drift experiments have never been made at sea- 
level, nor, in fact, at any place except Mount Wilson, 
with sufficient completeness to give accurate measures 
of the effects. The evidence now indicates that the 
drift at Mount Wilson does not differ greatly in mag- 
nitude from that at Cleveland and that at sea-level it 
would probably have about the same value. 

The reduction of the indicated velocity of two hun- 
dred or more kilometers per second to the observed 
value of ten kilometers per second may be explained 
on the theory of the Lorentz-FitzGerald contraction 
without assuming a drag of the ether. This contrac- 
tion may or may not depend upon the physical prop- 
erties of the solid, and it may or may not be exactly 
proportional to the square of the relative velocities of 
the earth and the ether. A very slight departure of 
the contraction from the amount calculated by Lorentz 
would account for the observed effect. A reéxamina- 
tion of the Morley-Miller experiments of 1902-1904 
on the Lorentz-FitzGerald effect is now being made, 
with the indication that the interpretation may be 
modified when taken in connection with the large 
velocity of the solar system indicated by the observa- 
tions of 1925. 

It need hardly be said that the determination of the 
absolute motion of the solar system from such inter- 
ferometer observations is one of considerable com- 
plexity. I am under obligation to Professor J. J. 
Nassau, of the Department of Mathematics and As- 
tronomy of Case School of Applied Science, and to 
Dr. G. Strémberg, of the staff of the Mount Wilson 
Observatory, who have given very great assistance in 
the analysis and in the mathematical solutions of 
various parts of the problem. 

Note.—Since this paper was prepared, a very com- 
plete series of observations involving 2,000 turns of 
the interferometer has been made at Mount Wilson, 
corresponding to the epoch February 8, 1926. The 
general indications are that the latest observations 
are entirely consistent with the report here made, 
though it is possible that there will be slight modifica- 
tions in the numerical results when all observations 
are combined. A definitive numerical calculation will 
require several months of continuous work and is 
now in progress. 

Dayton C. MILLER 

CASE ScHOOL OF APPLIED SCIENCE 





EXISTING PRACTICES OF POLLUTING 
PUBLIC WATER COURSES 


Is civilization in danger of “being stewed in its 
own juice,” or even as a preliminary smothered in a 
film of oil, (cold, not hot!) after an introductory 
sensory torture by the numerous and abundant waste 
products of human activity? This does not hark back 
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to the period of the Inquisition, or even to the days 
of witchcraft, but applies even to our own to-day as 
well as to posterity’s to-morrow. 

Where can you turn for an answer to any of the 
following questions? What agencies have been set up, 
what have these accomplished, what are they doing at 
this moment to prevent biologic wastage from bring- 
ing us, as a nation, to biologic bankruptcy? 

To what extent are we piling up waste substances, 
ranging from denatured flivvers to denatured water 
and air, concentrated in quantities beyond the capacity 
of nature to convert such raw materials back again 
into her special brands of products? 

How broadly, efficiently, and cooperatively are those 
who should be the engineers of civilization to-day 
working with nature to make the world safe under the 
rule of democracy? 

What dangers are already in evidence or readily 
predictable? 

Can these dangers be mitigated? How, when and 
where? 

Where lies the responsibility for regulating what- 
ever source of pollution may be amenable to regula- 
tion? 

Has there been developed a general working plan, 
conforming to nature’s laws and man’s specifications? 
Do our minor projects, federal, state and individual, 
fit into this or any plan? 

Reasonably complete information, general or de- 
tailed, on these points is not readily accessible. That 
conditions which lead to the dangerous pollution of 
public waters are not under adequate control is all 
too obvious. 

Detailed discussion here is not practicable because 
most of the facts surrounding such pollutions are too 
prosaic, sufficiently obvious and yet too complicated. 
Some of the financial and political causes are suffi- 
ciently patent, and many of the details of destructive 
effects of existing practices and tendencies are known; 
others are reasonably predictable. But the crux of the 
situation which requires emphasis is that the public 
does not yet realize that our civilization is producing 
wastage and dollars faster than nature can take up the 
slack. Those of our methods which lead to excessive 
eoncentration of wastes actually clog and ultimately 
break down nature’s machinery for converting wastes 
into renewed and useful products. The purpose here 
is to call attention to two facts, each of fundamental 
importance, but, working together as they do, are 
likely to become catastrophic. 

Though it has now become a biological common- 
place, biologists, within relatively recent years, have 
learned that abundant free oxygen and water are for 
living organisms basal factors of existence. Water 
and air make possible the continuously necessary cycle 
of matter in the world. Soluble minerals become built 
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up into plants, plants into animals, and in due time, 
the bodies, both plant and animal, go back into mip. 
eral substances, to complete the cycle of “dust 4 
dust.” 

Still more recently biologists have learned that to. 
day, as in the beginning, the condition of the wate 
of the earth determines not only the health ang 
wealth of the aquatic inhabitants, but as well even th 
continued existence of mankind, through the primary 
food supply (the Plankton) and the humidity of th 
air. 

As individuals and as a nation we have made some 
progress in starting the consideration of some of the 
questions involved in making wise use of the land 
and some of the terrestrial resources. Is it not now 
time to consider more widely and carefully than ever 
before how we must treat the biologie aspects of our 
public waters and of our aquatic resources? Let 1s 
glance rapidly at some outstanding existing conii- 
tions. Conservatively speaking, the concentrated raw 
sewage and factory wastes of twenty-five million 
people are cast directly into the public water courses 
of the coastal and middle west of this continent. A; 
a result of such wholesale concentration we choke the 
broad biologic process of metabolism, 7. e., the pro- 
gressive conversion of dead organic material into its 
elements and the rebuilding of these elements into 
higher forms, including man. As a direct consequence, 
to-day, in many places, our rivers and shores frankly 
are regarded as sewers, shorn of original vegetation 
and devoid of useful fishes and shellfishes; moreover, 
with a constantly diminishing value as a source of 
healthful, even necessary, recreation; of peculiarly 
valuable types of food and of general public health. 

Our best efforts at the “cheap” methods of dilution 
and dispersal by water result ultimately in sorrow to 
the eye, threats to the nostrils, a direct menace to our 
bodies and a ball and chain to our economic activities. 

In spite of much notably successful and devotedly 
altruistic work by the several federal departments, by 
state and local health officials and civic associations, 
our public water courses are going from bad to worse, 
soon to become an economic handicap, a public menace 
rather than a public asset. 

Scientific foresight, moreover, shows two conspict- 
ously ominous conditions relatively near as quick re 
sults of our present practices of dumping into public 
waters waste materials, of which oily substances are 
a prominent feature. 

First, the progressive curtailment of the exchang? 
of free oxygen from the air to practically all orgat- 
isms living in the water. 

Second, the checking of evaporation from the sul 
face of the waters. 

It may be difficult for some of us to realize that 4 
“free country” will be of little avail if we do not pro 
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yide “free oxygen” to our public waters. This supply 
of oxygen comes to them in largest measure by me- 
chanical mixture from air to water. The peasant or 
the wine merchant who desires to shut out the air 
from wine, under certain conditions, puts a thin layer 
of olive oil on the surface of the wine in the con- 
tainer. Unwittingly, on a huge scale and to a seri- 
ously large degree in the aggregate we are doing a 
similar thing when we permit the escape of mineral 
oils, anywhere, and even in small quantities. The re- 
sult is twofold; we steal from the aquatic organisms 
the oxygen necessary for their growth, and then for 
good measure slowly poison them. A casual glance 
at many of our rivers and harbors indicates the places 
where ultimately the oil puts in its “dirty work.” 
These heavy mineral tarry oils, unlike those more di- 
rectly from organic sources (i.e., fish and vegetable 
oils) are relatively resistant to change, dissolve and 
dissociate very slowly, and hence may persist even for 
years, spreading over a constantly widening area. As 
these oils “break up” various constituents separate 
out. Among these are some of the deadly chemical 
substances most frequently used for preventing or- 
ganic growth (phenols, napthalenes, et al., sold and 
used under various special trade and chemical names). 
The non-floating residue of the heavy, tarry, oily sub- 
stance settles down to ultimately convert the land 
under the water into a sort of bitulithic pavement, 
obviously not conducive to the existence of many types 
of organisms. Here are some of the important causes 
of the decline of our fisheries and shellfish industries. 
The food supply of these is poisoned at its source, 


| and in addition the supply of oxygen from the air is 


being shut off. The oxygen already dissolved in the 
water is diverted from its normal use, by being com- 
pelled to oxidize sewage, garbage and other waste sub- 
stances, which should not be permitted to come into 
excessive, harmful competition with the aquatic organ- 
isms in the struggle for oxygen and for existence. 
Further, the mineral oils, in addition to poisoning 
the organisms which compose the basal food supply 
for higher forms of animals, including man, equally 
destroy the bacteria whose function is to break up 
dead organic matter and thereby speed up the proc- 
esses of oxidation and nitrification. But most serious 
of all is the fact that oils have another peculiar prop- 
erty, that of rapidly spreading over an ever increas- 
ing surface. Thus it is not only the quantities which 
may accumulate in eddies and currents, borne by wind 


| and tide, sufficient to be a fire menace to shipping, a 


nuisance to bathers, but the infinitely thin layer of 
oil on the surface, even invisible to the unaided eye, 
may be sufficient to check or even to inhibit the fun- 
damentally essential interchange of oxygen, of carbon 
dioxide, ete., between the air and the water. The net 
result is that our present practices of careless wastage 
of oils compels nature to carry on less efficiently her 
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fundamentally important function of conserving 
energy and material, for the reason that we compel 
her to substitute putrefaction in place of oxidation 
and nitrification as major processes in nature’s me- 
tabolism. In other words, our present practices of 
disposal of various waste substances have enormously 
increased in nature the amount of putrefaction, and 
seriously impaired the constructive processes of oxida- 
tion and nitrification. This we do by neglecting to 
follow nature’s plan, of conducting on land some con- 
siderable proportion of the primary processes in the 
metabolism of waste products; but instead we cast 
prematurely, and therefore wastefully, into the water 
substances which should have primary treatment on 
land. So much for the ultimate effects of some pollu- 
tants on the waters. What are the predictable effects 
of this upon general land conditions? And the second 
prediction is like unto the first. 

One may reasonably assume as an agreed fact that 
evaporation from the surface of ocean, swamp, lake 
and river is an important source of that air-humidity 
essential to terrestrial plant and animal life. The 
existence and constantly increasing extent of oily mat- 
ter on the surface of the water will limit the quantity 
of water which goes into the air by evaporation from 
that surface. Hence it is safe inference that oil on 
the waters is certain to limit the water content of the 
air and consequently to unfavorably affect climate. 
The United States is notably one of the regions of 
the earth where aridity is at present extending or is 
likely to extend. Is it not a proper assumption that 
appreciable limitation of evaporation will appear in 
decreased precipitation? The facility with which we 
permit the escape of waste oils appears certain to be- 
come an important factor in restraining not only waste 
of oil but also the waste of climate and other favor- 
able conditions of iife. The sources of these oils have 
been studied by the U. S. Bureau of Mines. A cata- 
logue would be long, ranging from oil well and trans- 
porting and distributing devices and practices to the 
careless wastage of small quantities by Mr. and Mrs. 
John Citizen, of Rabbit Hole, Nevada. It is the 
capacity of small, even minute quantities of oil to 
“get together” for teamwork which causes all the 
trouble. 

What has been done and what more should be done 
to improve conditions which now exist or may 
threaten? The various federal departments have made 
numerous contributions on important aspects. Their- 
wise and altruistic labors have done much to amelio~ 
rate conditions. Similarly, state legislatures, execu- 
tive and judicial officers and the press have con- 
tributed in varying degrees to postpone the evil day 
of reckoning. At last the public is beginning to real- 
ize that human individual responsibilities ecompetently- 
and faithfully met are the true measures of persona? 
and national wealth, and this dollar economy should - 
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not be permitted to come into destructive competition 
with nature. It has become obvious that neither legisla- 
tion, the courts, science, executive officials, or civilians 
working alone can meet the situation, and define, or 
allocate responsibilities and remedies remedially effi- 
cient. Cooperation, both broad and intimate, is es- 
sential if we are to overtake and conquer the eco- 
nomic menace arising from aquatic pollution. 

Should not some of the dollars which originated in 
“economical methods,” of waste disposal, not then 
even perhaps suspected of being in violation of 
nature’s laws, be now made available for helping 
nature “back to normalcy,” and to avoid further bio- 
logic blunders in the disposal of our waste products? 
In this belief, the executive committee of the National 
Conference on Outdoor Recreation has voted to seek 
the financial support necessary for initiating a non- 
political, authoritative, adequate disinterested survey 
of existing facts and factors involved in the present 
polluted conditions of our public water courses, as- 
sisting and cooperating to the utmost practicable 
degree with the existing federal and state agencies, 
with a view to the establishment of basic economic 
facts for future remedial procedure, upon which legis- 
lators, manufacturers and the public may rely, in 
constructive action which will at once define and de- 
fend private rights through safeguarding the public 
rights. This committee will aim to secure a coordina- 
tion of pure science, applied science, political, eco- 
nomic and business science, carried on in the spirit of 
altruism, controlled and guided by “common sense,” 
free from prejudice, sectional and personal interest 
and control: safeguarding the public, but making 
possible the utmost personal latitude of action within 
the limits of biological safety. 

GrorGE WILTON FIELD 
WASHINGTON, D. C. 





AWARDS OF THE JOHN SIMON 
GUGGENHEIM MEMORIAL 
FELLOWSHIPS 


THE appropriation of $100,000 for the assistance 
of young American scholars and artists during the 
year 1926-27 has been announced by Henry Allen 
Moe, secretary of the John Simon Guggenheim 
Memorial Foundation. This foundation was estab- 
lished a year ago with a fund of $3,000,000 by 
former United States Senator and Mrs. Simon Gug- 
genheim, as a memorial to a son who died on April 
26, 1922. 

Thirty-seven new Fellows have been appointed 
from 18 states, ranging from Georgia to Washing- 
ton. The list includes five women. Three artists 


are appointed for creative work in painting, three 
musicians for creative work in musical composition, 
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and the research appointments are for work in a yi, 
range of subjects. Among the fellows for 1926» 
are members of the faculties of 22 colleges and yy, 
versities. Harvard University leads with four fy. 
lows; the University of Chicago has three; the [y, 
versity of Cincinnati, three; the University of Wi. 
consin, two; and Yale University, two. Seven , 
the fellows for 1926-27 are not at present affiliata 
with any educational institution. 

The Guggenheim Foundation offers to the youy 


‘productive scholars and artists of the country oppor. 


tunities to carry on research and creative wor 
chiefly abroad. Applicants are required to presey 
definite projects for research in a given field ¢ 
knowledge, or projects for creative work in som 
one of the fine arts. 

The fellowships are tenable anywhere in the worl 
for any period, long or short. The stipend is usual; 
$2,500 for a period of twelve months, but in even 
case is adjusted to the needs of the individual ap 
pointed. The fellowships are open on equal term 
to men and women, being citizens of, or permaner 
residents in, the United States, of every race ani 
creed. The normal age limits of fellows are twenty. 
five and thirty-five years. 

The appointments to fellowships just announce 
were made on the recommendation of the committy 
of selection of the foundation, consisting of: Pres 
dent Frank Aydelotte, Swarthmore College, chair 
man; President Frederick C. Ferry, Hamilton (Co: 
lege; Dean Virginia C. Gildersleeve, Barnard (i 
lege; Professor Charles Homer Haskins, Harvar 
University; and Dean Carl E. Seashore, The Stai 
University of Iowa. 

Among the thirty-seven fellowships awarded ar 
the following in the natural and exact sciences: 


Dr. Wallace Reed Brode, research chemist, Bureau 0 
Standards, Washington, D. C.—appointed for research 0 
the absorption spectra of simple azo dyes, principal} 
with Professor Arthur Hantzsch at the University 
Leipzig, Germany. This involves a continuance of * 
search carried on by Dr. Brode for his doctor’s degr 
at the University of Illinois, and other researches, i 
field in which he has published a number of papers ! 
the past five years. 

Dr. Royal Norton Chapman, professor of entomolog] 
University of Minnesota—appointed to make an invest! 
gation of the problem of the relation of the abundaw! 
of insects, particularly destructive insects, to changill 
environmental conditions, principally at the Europe 
Parasite Laboratory, Le Mont Fenouillet, Hyeres, Frant 
and the Rothamsted Experiment Station, England. 1 
Chapman has made and published studies of importa 
to the milling and cold storage industries, notably » 
‘<Insects in Relation to Wheat Flour and Wheat Flo 
Substitutes,’’ ‘‘Observations on Mites infesting Flot 
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and Mill Feed,’’ and ‘‘Insects infesting Stored Food 
Products. ’’ 

Dr. Arthur H. Compton, professor of physics, Univer- 
sity of Chicago, will continue his study of the problem 
of the nature of radiation, in consultation with European 
quthorities. Dr. Compton’s work during the last few 
years has placed him in a unique position regarding this 
problem, the solution of which is of the greatest impor- 
tance in the advancement of physical science. 

Dr. Alfred Edwards Emerson, associate professor of 
zoology, University of Pittsburgh—appointed for certain 
investigations concerned with the problem of the onto- 
genetic and phylogenetic origin of the castes of termites, 
at certain laboratories in Sweden and Italy.. Dr. Emer- 
son has carried on fundamental research in this field 
since 1919. He has made two journeys to British Guiana 
for the purpose of this research, and he now intends to 
examine the known species of termites in European col- 
lections. 

Dr. Edwin Crawford Kemble, assistant professor of 
physics, Harvard University—appointed to make certain 
studies in the field of the new quantum theory, princi- 
pally with Professors Born and Heisenberg at the Uni- 
versity of GOttingen, Germany. Dr, Kemble’s research 
work has been concerned principally with the applica- 
tion of the quantum theory to the interpretation of band 
spectra and to the related problem of the temperature 
variation of the specific heats of gases. He has pub- 
lished numerous articles on the subject of these re- 
searches, 

Dr. Ernest Preston Lane, assistant professor of mathe- 
matics, University of Chicago—appointed to make a 
comparative study of the methods of investigation in the 
field of projective differential geometry used by Ameri- 
can and Italian geometers. Dr. Lane was a pupil of 


| Professor Wilczynski, of the University of Chicago, who 


developed methods of exceptional generality and power 
in the domain of analytical projective geometry. He will 
go abroad to become familiar with the methods of inves- 
tigation developed by the Italian school of geometers and 
at the same time will bring complete understanding of 
Wilezynski’s methods to the Italian school. 

Dr. Julian Herman Lewis, associate member, Otho S. 
A. Sprague Memorial Institute; assistant professor of 
pathology, University of Chicago; pathologist, Provident 
Hospital, Chicago—appointed for a study of the funda- 
mental nature of immunity phenomena, with particular 
reference to the relation of chemical constitution to bio- 
logical specificity; and to study the chemical and im- 
munological specificity of proteins isolated from organs. 
Dr. Lewis is a negro. He holds the degrees of A.B. and 
M.A. from the University of Illinois; Ph.D., Magna Cum 
Laude, from the University of Chicago; and M.D. from 
the Rush Medical College. He was elected to Sigma Xi, 
Honorary Scientific Fraternity, and Alpha Omega Alpha, 
Honorary Medical Fraternity, and while at Rush Medical 
College was awarded the Benjamin Rush Medal as the 
highest standing student of his class. He has carried on 


> fundamental research for several years and has published 


numerous papers. 
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Dr. Harold Myers Marvin, assistant professor of medi- 
cine, Yale University School of Medicine—appointed for 
research in the field of carliovascular physiology in Sir 
Thomas Lewis’ Laboratory at the University College 
Hospital, London, England. During the past five years 
Dr. Marvin has been in charge of the work in heart dis- 
ease at the New Haven Hospital. His work with Sir 
Thomas Lewis will be a continuation of work in the 
same field, the normal and abnormal physiology of the 
heart and circulation, in which he has published several 
papers. 

Dr. Linus Carl Pauling, department of chemistry, Calli- 
fornia Institute of Technology, Pasadena, California— 
appointed for certain theoretical and experimental re- 
searches concerning the interior of the atom, principally 
with Professors A. Sommerfeld, at the University of 
Munich, Germany, and Niels Bohr, at Copenhagen, Den- 
mark. Dr. Pauling has for the past four years prose- 
cuted researches important in this general field and has 
published numerous articles. 

Dr. Franklin Pearce Reagan, assistant professor of 
comparative anatomy, on leave from the University of 
California, under appointment to Indiana University— 
appointed for the continuation of studies of the struc- 
ture and development of the earliest blood vessels of 
Mammalian Embryos, in certain laboratories of England 
and Scotland. Dr. Reagan has been working in this field 
for the past six years. Under the auspices of the 
foundation he will carry on a new comparative study of 
embryos of certain rare and almost extinct Australian 
a-placental mammals which represented, so far as they 
are now represented, the ancestors of the present-day 
mammals. 

Dr. Gladys A. Reichard, instructor in anthropology, 
Barnard College, Columbia University—appointed to 
make a study concerning itself principally with defining 
the art style of Melanesia, with Professor Thilenius, 
director of the museum at Hamburg, Germany. Miss 
Reichard is the author of a grammar of the language of 
the Wiyot Indians. In the field in which she proposes 
to work under the auspices of the foundation, she has 
written ‘‘Literary xzorms and the Dissemination of 
Myths,’’ and ‘‘The Complexity of Rhythm in Decorative 
Art.’’ 

Dr. Ralph A. Sawyer, assistant professor of physics, 
University of Michigan—appointed to make a study of 
spectral series relations in extreme ultra-violet metallic 
spectra and the correlation of the results with modern 
theories of atomic structure, principally in the laboratory 
of Professor F. Paschen, president of the Imperial 
Physico-Technical Institute, Charlottenberg, Germany. 
Dr. Sawyer worked with Professor R. A. Millikan on the 
opening up of the investigation of the whole extreme 
ultra-violet field. His earlier work was experimental in 
nature, but lately has dealt with the analysis of the 
results of experimental spectroscopy. 

Dr. Ellis Bagley Stouffer, professor of mathematics, 
University of Kansas—appointed for a comparative 
study of three general methods of investigation in the 
field of projective differential geometry, and also research 
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into certain problems in the same field. Dr. Stouffer’s 
proposed studies are in the same field as Dr. Lane’s, 
also a fellow of the Guggenheim Foundation for 1926-27. 
He has published numerous papers in his proposed field 
of investigation. 

Dr. Glenn Thomas Trewartha, instructor in geography 
and climatology, University of Wisconsin—appointed for 
geographic investigations of certain selected type areas 
in Japan and China. Dr. Trewartha’s principal re- 
searches for the past two years have been on the subject 
of the relationship of Wisconsin’s physical environment 
to its pre-eminence as a dairy state. In preparation for 
his research in Japan and China he has had a thorough 
academic training in the geography, climatology and the 
diplomatic history of the Far East. His researches un- 
der the auspices of the foundation will be entirely in 
the field. 

Dr. Norbert Wiener, assistant professor of mathe- 
matics, Massachusetts Institute of Technology, Cam- 
bridge—appointed for researches on Bohr’s almost peri- 
odic functions, on haphazard motion, on periodogram 
analysis, and other topics, connected with one another 
by forming extensions of the ordinary Fourier series and 
Fourier integral theory. Dr. Wiener has been invited by 
the Mathematical Institute of the University of Gdot- 
tingen to deliver a course of lectures on the subject of 
his researches, and the book which will result from those 
researches has already been tentatively accepted as a 
volume of a series of important mathematical works. 

The Fellowship awarded to Dr. Coleman R. Griffith, 
assistant professor of psychology, University of Illinois, 
for research in problems of child psychology, principally 
at the University of Giessen, Hesse, Germany, for 1925— 
26, has been transferred to the 1926-27 group. 





SCIENTIFIC EVENTS 


THE OCEANOGRAPHIC STATION AT 
SALAMMBO, NORTH AFRICA 

On February 14 the oceanographic station at Sa- 
lammbo, near Tunis, was formally opened to the pub- 
lic, and the station is now engaged in carrying on the 
studies indicated by its title. It is under the control 
of the direction generale des Travaux Publics of the 
Regenal de Tunis Protectorate de France and the 
funds have been largely supplied by the profits ac- 
cruing from the sale of fish, caught in the Lake of 
Tunis—a monopoly enjoyed by the station. This 
monopoly was granted mainly for the control of the 
fishing, for the lake is a fruitful breeding ground 
for many marine fishes and secondly, for the 


control of prices in the market and for the profits - 


accruing therefrom. The profits surpassed expecta- 
tion and late in 1922 the foundations of the station 
were laid. The building is 33.4 m long by 33.3 m 
wide, two stories high, built of masonry, covered 
by stucco in the fashion of the country. 

The building is supplied with sweet water from the 
Tunis water supply and with salt water from an un- 
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derground reservoir, pumped from the sea and filter Fred 
as at Naples and New York. Lighting and pumping Union 
are done by electricity. The v 

On the ground floor are laboratories for research, , Sub-d 
well-equipped chemical laboratory, a laboratory fo Pre 
photography well supplied with apparatus; a lan, pee 
room for the reception of material with large tan\ tour ¢ 
for handling and sorting; a studio for artistic work, Ellesr 
adequate rooms for supplies and collections and , Gloue 
large hall for lectures. power 

In the upper floor are the aquaria, now fourteen i, I ;, tak 
number, a museum displaying fishing apparatus an) by Cc 
models, together with prepared specimens of sea ani. HF jhree 
mals; a tank room exhibiting in small tanks the ip. On 
vertebrates and small fishes; the office of the director, I of ele 
the library, and other research rooms. The whole is HP ton me 
well lighted and admirably arranged. 89 fer 

The floating equipment consists of a steamer—th HP men a 
Raymond Lane of 700 tons—which also serves to care journe 
for the lighthouses of the Gulf of Tunis: a motor I fessio: 
boat 17 m long—the Andre Choleski and an au. # Comm 
iliary sail boat 14 m long. Connected with the go on 
work of the station at six other points along the HF turns | 
coast are boats used in the inspection of fisheries ani Two 
in the researches of the station. At the present time MH to the 
the principal efforts of the station are: (1) the hy. HF scienti; 
drology and biology of the Lake of Tunis; (2) the I cist an 
study of migratory fishes; (3) the biology of sponges, J men. 
and (4) investigations upon fishing appliances bes [ mande 
adapted to increase the values of the fisheries. curato) 

The publications comprise bulletins and notes and cc 
Three bulletins have already been issued and one of & also ar 
the notes. Exchange of publications with similar museur 
institutions is cordially invited. Qualified students J dermis! 








birds. 

of Fish 
personi 
later, 


of marine biology are welcome from any country. 
The location of the laboratory is charming. It lies 

between the two ponds, commonly called the ports of 

ancient Carthage. The byrsa, or citadel, is a few 



















hundred yards away, and along the shore are the re- Rowe 
mains of a vast fortifying wall. It is easily reached Ha secor 
from Tunis by an electric railway in about 30 min- J may ca 
utes. The station is under the direction of Monsieur The } 
H. Heldt, who is undertaking researches along several J be Syd: 
important lines. be take: 
C. L. Bristou he first 

PRoressork EMERITUS OF BIOLOGY, ion wi 
New York UNIVERSITY, stops at 
TUNIS lor thei 
be take 

THE RAWSON-MACMILLAN SUB-ARCTIC iviliand 
EXPEDITION OF THE FIELD MUSEUM This - 
Commanver Donatp B. MacMiuan, the arctic ¢* Bate 4p, 
plorer, has been commissioned by the Field Museut B>,,.;4,, 
of Natural History to lead an expedition into the Bie the » 
sub-arctie to collect zoological, geological, anthropo By. possi 


logical and botanical specimens for the institution. 
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ered Frederick H. Rawson, chairman of the board of the 


Ping Union Trust Company, is financing the expedition. 
/ The venture will be known as the Rawson-MacMillan 
ch, a Sub-Arctie Expedition of the Field Museum for 1926. 


- for Present plans call for the expedition to leave Wis- 


arge casset, Me., around June 19, for a several months 
anks tour of Labrador, Baffin Island, South Greenland and 
ork, HM Ellesmere Land. The Bowdoin, an auxiliary type of 
ad a Gloucester fishing schooner equipped with sails and a 

power plant, will be used by Commander MacMillan 
mn i to take his party into the arctic. The ship is owned 


and by Commander MacMillan, and was used by him in 
alli three previous arctic expeditions. 


e In. On his last arctic dash, the vessel carried a total 
ctor, He of eleven men. On this trip the Bowdoin will carry 
le is HR ten men, according to present plans. The vessel, only 

89 feet long, can not accommodate more than ten 
—the Hi men and the supplies and equipment needed for the 
care Hi journey without uncomfortable crowding. No pro- 
1otor MM fessional sailors will be taken on the Bowdoin. 
aux- 7 Commander MacMillan and several of the scientists to 


the HR go on the vessel are expert wheelsmen and will take 
the HR turns at the wheel. 


and Two staff men of the museum have been assigned 
time J to the expedition, and it is probable that outside 
» hy: scientists, including a competent geologist, mineralo- 
} the I vist and botanist, will be invited to assist the museum 
nges MH men. The museum staff men to accompany Com- 
best i mander MacMillan are Alfred C. Weed, assistant 

curator of fishes, and Ashley Hine, bird taxidermist 
ote, Hand collector. Mr. Weed, a specialist on fishes, is 
e of MM also an all-around collector, who has been on several 
nilar J museum expeditions. Mr. Hine is an expert taxi- 
lents ( dermist and is well known for his skill in mounting 


ry. birds. Dr. Walter Koelz, of the United States Bureau 

; lies {of Fisheries, may be a member of the party, the entire 

ts of personnel of which will be announced by the director 
few # later. 


e Te- Rowe B. Metealf, of Providence, R. I., has outfitted 
ched fa second vessel to trail the Bowdoin. Mr. Metealf 
min: / may carry some of the scientists and equipment. 

seu! The first stop after the vessels leave Wiscasset will 
eral Me be Sydney, N. S., where the last of the supplies will 


be taken on board. Battle Harbor, Labrador, will be 
he first stop in the area to be explored. The expedi- 
ion will maintain its base on shipboard, and make 
stops at various points while the scientists go ashore 
lor their specimens. Complete radio equipment will 
be taken along to keep the party in touch with 
ivilization. 

This is the first Field Museum expedition to pene- 
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 &§ Betrate the sub-arctic. It is the intention and wish of 
eum B President Stanley Field and the board of trustees 
the Bae the museum to make as complete a scientific survey 
>Po Bhs possible of the sub-arctic by securing general col- 


‘00. 
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lections of the natural history and ethnology of that 
area. Attainment of this objective would give the 
museum an adequate representation of the life of the 
Eskimo, along with mammal, bird, fish and geo- 
logical specimens of the sub-aretic, in which the in- 
stitution is deficient. 


THE FIRST MEETING OF THE EASTERN 
SECTION OF THE SEISMOLOGICAL 
SOCIETY OF AMERICA 

THE first meeting of the recently organized Eastern 
Section of the Seismological Society of America will 
be held at the Carnegie Institution, Washington, 
D. C., on May 1. The national officers of the society 
are Bailey Willis, president; Harry O. Wood, first 
vice-president; N. H. Heck, second vice-president; M. 
Hall McAllister, third vice-president, and S. D. Town- 
ley, secretary-treasurer. The temporary section offi- 
cers are James B. Macelwane, chairman; Ernest A. 
Hodgson, vice-chairman, and Nicholas H. Heck, sec- 
retary-treasurer. 

The business meeting will be held at 9: 00 a. m. for 
the reading of the reports of the temporary officers, 
discussion of permanent organization, election of offi- 
cers, vote of place of next meeting and amount of seec- 
tion dues. This will be followed by a general scien- 
tific session at 9:30, which will be continued in the 
afternoon at 2:30. The program consists of a sym- 
posium on the present status of seismology in the 
United States and is made up of the following papers: 


The Work of the Seismological Society of America 
(20 minutes): BamLEy WILLIS. 

Setsmology im Canada (20 minutes): Ernest A. 
Hopeson. 

The Seismological Work of the U. S. Coast and Geo- 
detic Survey (20 minutes): E. LESTER JONES. 

(Subject to be announced): JOHN R. FREEMAN. 

The Jeswit Stations in the United States—A Retrospect 
(15 minutes): JAMES B. MACELWANE, 8.J. 

Seismelogy, the Public and Science Service (20 min- 
utes): Watson Davis and JAMES STOKLEY. 

The Montana Earthquake im Relation to the Geology 
of the Region (20 minutes): J. T. PARDEE. 

The Relation of Isostasy to Seismology (10 minutes) : 
W. Bowie. 

The Texas Earthquake of July 30, 1925 (10 minutes) : 
FRANK NEUMANN. 

The Geology of the St. Lawrence Earthquake (20 min- 
utes): ARTHUR KEITH. 

The Engineering-Economic Foundation and Earthquake 
Hazard (20 minutes): HoLLis GODFREY. 


The Geological Society of Washington is joining 
with the Eastern Section in this meeting. It is repre- 
sented in the above program by J. T. Pardee and 
Arthur Keith. 
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TRIBUTE TO PROFESSOR CHARLES 
SCHUCHERT 


Upon Professor Charles Schuchert’s recent return 
_ from a sojourn in Texas, he was presented with an 
engrossed copy of the following tribute from his col- 


leagues : 


The curators of the Peabody Museum gladly avail 
themselves of the opportunity afforded them by Professor 
Schuchert’s retirement to place on record their apprecia- 
tion of his long and devoted service to the Museum and 
to Yale. 

Coming to Yale from the United States National Mu- 
seum in 1904 to succeed Professor Beecher as professor 
of paleontology and curator of the geological collections, 
Professor Schuchert’s museum duties at once became 
threefold, for this curatorship carried with it the ad- 
ministrative direction of the museum and in addition he 
was elected secretary of the board of trustees. 

As curator, Professor Schuchert’s interests lay chiefly 
in the field of invertebrate paleontology, and through his 
efforts the collections along these lines have been more 
than doubled. Many of these were secured in connection 
with his own studies, notably those from the early De- 
vonian of Europe, the early Silurian of Ontario, the De- 
vonian of Gaspé Peninsula, the Silurian of New Bruns- 
wick, the vast collections from the Ordovician of western 
Newfoundland, and those from the Pennsylvanian of the 
oil fields of Oklahoma and Texas. Other collections made 
under his direction by graduate students have formed the 
basis of monographic studies pursued under his guidance, 
such, for example, as the great collections from Anticosti 
Island, from the Silurian strata of Arisaig, and from the 
Devonian of Oklahoma and of Tennessee. Still other col- 
lections have been secured for projected studies. In many 
instanees these were obtained at slight or no cost to the 
museum, and frequently at Professor Schuchert’s own 
personal expense, for when funds were lacking to make 
desirable purchases or to send good students into the field, 
his generosity met the need. In addition to this material 
increase in the way of collections, his researches have 
brought honor and distinction to the institution he has 
so faithfully served. 

As an administrator, Professor Schuchert has been an 
equally devoted and able leader, always interested in the 
several departments of the museum and sympathetic 
toward their needs. His never-failing enthusiasm and his 
singular devotion to the pursuits of science have always 
been an inspiration to students and to colleagues alike. 
During his administration, he never ceased to keep before 
the university authorities the need for a new museum, 
and when this building became a probability, he devoted 
much time to consideration of plans for it. It was one 
of the many unforeseen results of the great war that it 
did not fall to his lot to carry those plans into execution, 
for the two years that were expected to elapse between 
the demolition of the old museum and the construction 
of the new lengthened into seven. He therefore relin- 


quished his administrative duties in 1922, but at the 
urgent request of his colleagues retained his curatorship 
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and his trusteeship until the new museum was con. 
pleted. 

In his retirement from the service of the museum, Pyp. 
fessor Schuchert carries with him the affectionate esteoy, 
of his fellow-workers and their wish that he may haye 
many more years of joyful labor upon the researches ty 
which he is now devoted. 

WESLEY R. CoE 

CaRL O. DUNBAR 

WILLIAM E. Forp 

RicHarD 8. LULL 


GEORGE G. MacCurpy 
MALCOLM R. THORPE 
ELEANORE W. PARMELEE 





SCIENTIFIC NOTES AND NEWS 


Dr. Freperick P. Gay, professor of bacteriology in 
Columbia University, College of Physicians and Svwr. 
geons, has accepted appointment as American visiting 
professor to Belgium for 1926-1927. The appoint. 
ment was made by the C. R. B. Educational Founda- 
tion, Inc., established by the commission for relief in 
Belgium. Professor Harlow Shapley, director of the 
Harvard College Observatory, is the visiting professor 
for the present year and is now in Belgium. 


Dr. JABEZ NortH JACKSON, of Kansas City, presi- 
dent of the Southwest Medical Association, has been 
elected president of the American Medical Associa- 
tion, succeeding Dr. Wendell Phillips, of New York. 
The next annual meeting is to be held in Washington, 


D. C. 


THE honorary degree of doctor of laws will be con- 
ferred upon Professor Niels Bohr, of Copenhagen, by 
the University of Edinburgh in June. 


Sm James Frazer, professor of social anthropology 


-at the University of Liverpool, has been made a com- 


mander of the Legion of Honor by the French gov- 
ernment. 


THe Bessemer Gold Medal for 1926 of the British 
Iron and Steel Institute has been awarded to Sir 
Hugh Bell. We learn from Nature that the medal, 
the award of which is made in recognition of out- 
standing services in the advancement of the art of 
the manufacture of iron and steel, will be presented 
to Sir Hugh Bell at the annual meeting of the insti- 
tute on May 6, by the incoming president, Sir W. 
Peter Rylands. 


Tue proceeds of the Daniel-Pidgeon Fund of the 
Geological Society of London for 1926 have been 
awarded to Dr. David Williams, who proposes to i- 
vestigate the geology of the country between Snowdon 
and the Carnedds. 


Dr. L. Freperice, Liége, has been elected to fill the 
vacancy from the death of Bergonié in the list of 
corresponding members of the French Academy 0! 
Sciences. 
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Av the concluding meeting of the International 
Electro-Technical Commission in New York on April 
92, Guido Semenza, of Milan, Italy, was reelected 
president ; Col. R. E. Crompton, of London, was 
elected honorary president, and Sir Richard Glaze- 
brook, of Cambridge, England, honorary secretary. 
It was decided to hold the next meeting in Italy in 
1927. 

A TRIBUTE to John Hays Hammond, whose seventy- 
first birthday was'on March 31, will be paid on 
May 3, the observance centering in a dinner to be 
viven at the Waldorf Hotel, in New York, by a 
“eompany of friends.” Dinners, timed to coincide 
with the New York dinner, will be held in the Rand 
in South Africa and in Paris, London, Berlin, 
Manila, Tokio, Lisbon, Salt Lake City, Denver and 
San Francisco. 


Frienps of Dr. Charles Davison, emeritus professor 
of surgery, University of Illinois College of Medicine, 
gave a dinner in his honor at the Congress Hotel, on 
April 16, at which a bust of the guest of honor made 
by Lorado Taft was presented to the University of 
Illinois. 


Dr. Roy W. Miner, of the American Museum of 
Natural History, has been elected by the council of 
the New York Academy of Science to the offices 
of recording secretary and librarian of the academy. 


Dr. N. H. Stewart, of Bucknell University, was 
elected president of the Philadelphia Academy of 
Science at the recent Harrisburg meeting. 


Dr. JuLes Dracu, professor of mathematics at the 
University of Paris, has been appointed visiting ex- 
change professor for 1926-27. 


Dr. Grorce H. Parxer, professor of zoology and 
director of the Zoological Laboratory at Harvard 
University, will attend the third Pan-Pacific Science 
Congress, at Tokyo, from October 27 to November 9, 
1926. 


Dr. B. W. Kuwnxen, professor of biology at 
Lafayette College, has returned to Easton, Pa., from 
London, where he spent the first half year in Pro- 
fessor Julian Huxley’s laboratory at King’s College. 
At the meeting of the British Society for Experi- 
mental Biology on January 8 he presented a paper 
entitled “A Growth Nomograph for Gammarus 
Chevreuxi.” 


Dr. O. T. Nicnouas, fellow of Trinity College, 
Cambridge, and tutor in geology, and Dr. A. H. 
Westergaard, of the geological survey of Sweden, 
will be guests of the Princeton University summer 
school of geology, which will undertake a geological 
survey trip this summer. 
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Dr. YANDELL HENDERSON, professor of applied 
physiology at Yale University, lectured on February 
1, before the faculty and students of the Medical 
School of Cairo, Egypt, on “Some Adventures in 
Respiration.” He will spend the spring term work- 
ing in the physiological laboratory at the University 
of Cambridge. 


Dr. Oskar Kuorz, professor of pathology and 
bacteriology in the University of Toronto, delivered 
the Gordon Bell Memorial Lecture, Winnipeg, on 
April 9. Dr. Klotz sails on May 1, for Lagos, West 
Africa, where, at the request of the Rockefeller 
Foundation, he will investigate yellow fever for six 
months. 


Dr. Grorce P. Merritt, of the United States Na- 
tional Museum, lectured in April on the “Origin, 
Constitution and Textures of Meteorites,” before the 
department of geology of Bryn Mawr College. 


Dr. S. C. Linn, of the Fixed Nitrogen Research 
Laboratory, lectured on March 10 in the school of 
chemistry at the University of Minnesota. His sub- 
ject was “Chemical Action of Gaseous Ions produced 
by Alpha Particles.” 


Proressor W. LasH Miter, of the University of 
Toronto, lectured on April 13 in the school of chem- 
istry at the University of Minnesota. His subject was 
“The ‘Outsider’ in Scientific Research.” 


Proressor E. F. Burton, of the department of 
physics of the University of Toronto, is delivering a 
series of five lectures on “Physics of the Ultramicro- 
scope and the Optical Properties of Suspended Par- 
ticles and Colloidal Cells,” which the Mayo Founda- 
tion of the University of Minnesota has asked him to 
give in certain centers, namely, the Mayo Foundation, 
April 5; Washington University (St. Louis) Medical 
School, April 12; the University of Iowa Graduate 
School, April 13; the Des Moines Academy of Medi- 
eine, April 14; the Graduate School of the University 
of Minnesota, April 16. Other lecturers at these cen- 
ters have been Professor Millikan, California Institute 
of Technology; Professor Gortner, University of 
Minnesota; Professor Osterhout, Rockefeller Insti- 
tute; Professor Chambers, Cornell University, and 
Professor Fischer, University of Cincinnati. 


Proressor DouGLas JOHNSON, of Columbia Univer- 
sity, gave the invitation address before the Ohio Acad- 
emy of Science at the annual meeting in Columbus 
on April 9. On April 14 he was the Phi Beta Kappa 
orator at Denison University. In both instances he 
spoke on the “Evolution of the Grand Canyon Dis- 
trict.” 
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Dr. Gustavus J. ESSELEN, Jr., of Skinner, Sher- 
man and Esselen, Inc., industrial chemists, Boston, 
recently delivered the last of the series of three John 
Howard Appleton lectures for this year at Brown 
University on the subject of “Cellulose Chemistry as 
applied to Rayon.” 


Dr. KATHERINE CowArpD, of London, spoke on the 
“Chemistry of Vitamins” at the open meeting of the 
Kappa Mu Sigma in Kent Chemical Laboratory, Uni- 
versity of Chicago, on April 9. 


Dr. ARTHUR SCHUELLER, of Vienna, addressed the 
New York Neurological Society on April 6 at the 
New York Academy of Medicine. 


ProFessoR CHARLES Fasry, professor of physics 
at the Sorbonne, Paris, delivered the eleventh Guthrie 
Lecture of the Physical Society of London on 
April 23. The title of the lecture was “The Absorp- 
tion of Radiation by the Upper Atmosphere.” 


PREPARATIONS are being made in Italy to com- 
memorate next year in suitable form the centenary of 
the death of the great Italian scientist, Alessandro 
Volta. The leading scientific and technical asso- 
ciations are joining together in organizing a compre- 
hensive program which will comprise, among other 
items, international congresses on physics, telegraphy 
and radio communication, while an International Ex- 
hibition of Electrical Communications is to be held 
in Como. 


Dr. Dovetas Stewart, director of Carnegie 
Museum of Pittsburgh, died on April 21, aged fifty- 
three years. 


Dr. Louis A. Herpt, professor of electrical engi- 
neering at McGill University, died on April 11. 


Vice-ApmiraL Sir JOHN FRANKLIN Parry, known 
for his work in hydrography and navigation, died at 
his home in England, on April 23, aged sixty-three 
years. 


Sir Harry Brooxs AuueN, professor of pathology 
and dean of the faculty of medicine in Melbourne 
University, Australia, has died, aged seventy-one 
years. 


Str JoHN BurcHMoRE Harrison, director of the 
Department of Science and Agriculture, in British 
Guiana, the author of numerous papers on the chem- 
istry of tropical products, died on February 8, aged 
sixty-nine years. 


Dr. A. Wirz, formerly professor of physics in 
the Catholic University of Lille, who was known for 
his work on thermodynamics and on internal com- 
bustion engines, died on January 25, aged seventy- 
seven years. 


PROFESSOR THOMAS JONESCU, a well-known Ruman- 
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ian surgeon and director of the Institute of Expeyj. 
mental Surgery at the University of Bucharest, dicq 
on March 28, at the age of sixty-six years. 


THE United States Civil Service Commission ha; 
announced an open competitive examination for the 
positions of associate physicist at a salary of $3,009 
and assistant physicist at a salary of $2,400, receipt 
of application for which will close on May 25. The 
examinations are to fill vacancies in the Bureay of 
Standards and the Bureau of Mines, Department of 
Commerce, and in positions requiring similar qualif. 
cations. 


Tue American Geophysical Union is holding its 
seventh annual meeting in Washington, D. C., on 
April 29 and 30. The general meeting of the union 
will be held on the second day in the building of the 
National Academy of Sciences and there will be sepa- 
rate meetings of the several sections of the organiza- 
tion on both days. After a business session to receive 
reports of officers and section chairmen and elect off- 
cers, the general meeting will conduct a symposium on 
the “Constitution of the Earth,” with general discus- 
sion following brief summaries of various aspects of 
the subject by designated speakers. Dr. C. G. Abbot, 
of the Smithsonian Institution, who is chairman of 
the section of meteorology, is expected to return to 
Washington from his trip to Southern Asia and 
Africa in time to preside at the meeting of that sec- 
tion. 


THe American Society of Zoologists will hold its 
twenty-fourth annual meeting at Philadelphia, De- 
cember 27, 28 and 29, in connection with the meeting 
of the American Association for the Advancement of 
Science. 


THE American Society of Mammalogists is holding 
its eighth annual meeting from April 27 to 30 at the 
American Museum of Natural History, New York. 


THE first meeting of the recently organized Massa- 
chusetts branch of the Society for Experimental Biol- 
ogy and Medicine was held on April 13 at the Har- 
vard Medical School. The following program was 
presented: “The Action of Certain Compounds on the 
Autonomic Nervous System,” Reid Hunt. “The Ef- 
fect of Loss of Skin and of Muscle on the Develop- 
ment of Spinal Ganglia,” Samuel R. Detwiler. “The 
Velocity of Venous Blood to the Right Heart in 
Human Beings,” Herman Blumgart and Soma Weiss. 
“Changes in the Blood during Exercise,” Lawrence J. 
Henderson, Arlie V. Bock, David B. Dill, Louis M. 
Hurxthal and John S. Lawrence. The following com- 
mittee has been appointed to consider policy: Walter 
B. Cannon, James L. Gamble, George H. Parker, 
Frederick H. Pratt, Hans Zinsser. Dr. Edwin J. 
Cohn is chairman of the society and Dr. Percy @. 
Stiles, secretary. 
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Tue Tennessee Academy of Science and the Ten- 
nessee Archeological Society held a joint meeting at 
Nashville on March 24. Dr. Warren K. Moorehead, 
director of the department of archeology, Phillips 
Academy, Andover, Massachusetts, delivered an ad- 
dress on “Important Archeological Discoveries in the 
South.” Dr. Louis J. Bircher, associate professor of 
physical chemistry in Vanderbilt University, gave an 
illustrated lecture in the evening on “The Application 
of the Electron Theory to the Radio.” Roscoe Nunn, 
meteorologist of the U. S. Weather Bureau, Balti- 
more, Maryland, director of the Maryland Climatolog- 
ieal Service, and Wilbur A. Nelson, state geologist of 
Virginia and head of the department of geology of 
the University of Virginia—both former presidents of 
the Tennessee Academy of Science—were elected to 
honorary membership. 


Toe Wisconsin Academy of Sciences, Arts and 
Letters held its fifty-sixth annual meeting, in joint 
session with the Wisconsin Archeological Society, at 
the State Normal School, Whitewater, Wisconsin, 
on April 9 and 10. 


THREE million dollars of a proposed $20,000,000 
fund for research in natural sciences has already 
been pledged, according to an announcement by 
Herbert Hoover, secretary of commerce. The fund is 
being raised under the auspices of the newly organ- 
ized National Research Endowment of the National 
Academy of Sciences. 


Wir the return of the U. S. Naval Observatory 
Expedition from Sumatra, where it went to observe 
the total eclipse of the sun last January, the U. S. 
National Museum comes into possession of a fine 
collection of biological material brought to this coun- 
try from the Dutch East Indies. Lieutenant H. C. 
Kellers, Medical Corps, U. S. Navy, was detailed to 
the expedition by the Navy Department to collect 
for the Smithsonian and the National Museum. In 
three months, with the cordial cooperation of the 
Dutch, he collected, roughly, 9,000 specimens of 
reptiles, birds, insects, crustaceans, mollusks and 
mammals—living and dead. 


THE will of the late E. W. Seripps provides that 
his estate pay annually to Miami University $15,000 
for the maintenance of the Scripps Foundation for 
the Study of Population established at the univer- 
sity in 1922, 


THE late Mrs. Harriet G. Smith has left $5,000,000 
for a hospital in Chicago for the treatment of con- 
tagious diseases. Arrangements have been made by 
whieh the University of Chicago is to provide a site 
for the building and have the use of the hospital for 
medical teaching and research. 


Tue U. S. Bureau of Entomology has received an 
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important addition to its collection at the National 
Museum. Seventy-seven vials containing coleopterous 
larvae, most of the material having been reared, were 
sent by E. Rosenberg, of Copenhagen. 


THERE has been founded at the Imperial College 
of Science and Technology, South Kensington, En- 
gland, a lectureship in memory of Thomas Henry 
Huxley, to be given annually for the next five years 
at the college on May 4, the anniversary of Huxley’s 
birth, on some subject “connected with Huxley’s 
activities.” The lectureship has been placed under 
the control of a committee consisting of nominees of 
the Royal Linnean, Geological and Zoological Socie- 
ties, the British Academy, the British Museum 
(Bloomsbury and South Kensington), the Reyal Col- 
lege of Surgeons, the University of London, the 
London County Council and the Imperial College of 
Science and Technology. The committee is to decide 
on the scope of the lectures, and to nominate the 
lecturer each year. At its first meeting the committee 
nominated Sir Ray Lankester, who declined the in- 
vitation for reasons of health. The committee then 
nominated Dr. Chalmers Mitchell, secretary of the 
Zoological Society, who has accepted the invitation 
and will lecture on “Logic and Law in Biology,” 
on May 4. 


ACCORDING to the Japanese correspondent of the 
Journal of the American Medieal Association, the 
opening ceremony of the Korea Imperial University 
was to be held on April 1. About three weeks before 
that the following appointments were to be made: 
Professor Unokichi Hattori, Litt.D., as president, and 
various professors as deans of faculty in the institu- 
tion. Appointment of the other professors will be 
made public after the ceremony at the beginning of 
April. It is settled that Professor Dr. Kiyoshi Shiga 
will be a senior professor of the medieal college. Ac- 
cording to the announcement made by the department 
of education, another imperial university, including a 
medical college, will be established in Formosa in 
April, 1928. It is reported that some professors and 
instructors will be sent abroad to study medical 
science. 


THE Electrical World states that, in view of a dis- 
inclination on the part of the house committee on 
coinage, weights and measures to report out the Brit- 
ten metric system bill, an alternate proposition has 
been brought forward in the form of a resolution pro- 
viding that the Secretary of Commerce “initiate and 
execute plans whereby metric weights and measures 
may be brought into common use in commerce and 
merchandising.” A sub-committee named to select 
from the vast amount of documentary material sub- 
mitted that portion which could be printed as a part 
of the Record without making it too voluminous has 
finished its work. 
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UNIVERSITY AND EDUCATIONAL 
NOTES 


THE following promotions have been made at Yale 
University: Dr. Harold 8S. Burr, associate professor 
of anatomy; Dr. Chester R. Longwell, associate pro- 
fessor of geology; Hubert M. Turner, associate pro- 
fessor of electrical engineering; Dr. Erwin B. Kelsey, 
assistant professor of chemistry, and Dr. Winthrop 
M. Phelps, assistant professor of orthopedics. 


RECENT appointments to the faculties of the Uni- 
versity of Chicago include those of Dr. A. Baird 
Hastings as professor of physiological chemistry and 
Dr. Louis Leiter as assistant professor in the depart- 
ment of medicine. Professor Harvey A. Carr has 
been made chairman of the department of psychology. 


R. E. Somers has been made head of the depart- 
ment of geology at the University of Pittsburgh. 
Roswell H. Johnson continues as head of the depart- 
ment of oil and gas production. 


Dr. SeLticg Hecut, research fellow, International 
Education Board, has been appointed associate pro- 
fessor of biophysics at Columbia University. 


Dr. H. V. ATKINSON, professor of pharmacology in 
the University of Texas Medical College, has been 
appointed associate professor of pharmacology in the 
Iowa State University Medical College. 


Dr. R. L. Epwarps, professor of physics at Park 
College, has been appointed professor of physics at 
Miami University, sueceeding Dr. J. A. Culler, who 
retires at the end of this year. 


Dr. Ropert L. WEBSTER has been appointed head 
of the department of zoology at Washington State 
College and entomologist to the experiment station. 


At Brown University, Dr. Rudolph Ernest Langer, 
of Dartmouth College, has been appointed assistant 
professor of mathematics and Dr. Harry Edward 
Farnsworth, of the University of Maine, assistant 
professor of physics. 


Dr. FREDERICK LEET REICHERT, of the Johns Hop- 
kins University, has been appointed associate pro- 
fessor of surgery in the Stanford Medical School be- 
ginning with the year 1926-27. 


Dr. C. L. WirHycomse, lecturer in zoology and 
entomology at the Imperial College of Tropical Agri- 
culture, Trinidad, is leaving the college at the end of 


the present session, having been appointed lecturer in. 


entomology at Cambridge University. 


Tue Egyptian Council of Ministers has appointed 
Sir E. Cooper Perry director of the Faculty of Medi- 
cine for three months from the beginning of October 
next, with the view of organizing that faculty in the 
newly established University of Cairo. 
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DISCUSSION AND CORRESPONDENCE 


THE HABITS OF THE GRUNION 


A MucH appreciated form of necromancy practiced 
in California consists of dipping up a teacup full 
of sand on the shore about Long Beach, in May, at 
the time of highest tides. The sand is then spread 
out in a pan and a teacupful of salt water is poured 
over it. Shortly after, a large part of the sand 
springs to life and swims about in the form of very 
active minute creatures, with transparent bodies and 
big black eyes. If placed in an aquarium these 
objects remain alive and vigorous for a week, more 
or less. 

The explanation of this magic lies in the habits 
of the Grunion (Leuresthes tenuis), a slender, silvery 
fish, four to six inches long, of the family of Silver- 
sides (Atherinidae) much resembling the common 
Atlantie species, but differing in the absence of teeth. 

In the high tides of spring and early summer the 
grunion comes ashore in hundreds, ascends to the 
highest wash of the waves, where the female squeezes 
herself, tail-first, into the sand, depositing her eggs 
which are fertilized at once by the male. These eggs 
lie quiet until the next spring tide, unaffected by sun- 
shine or rain, but ready to leap into life at the next 
touch of salt water, by a process at once marvelous 
and instantaneous. Two or three broods are pro- 
duced in one summer, and each year until the fish 
is four years old. 

The life history of the grunion has been most care- 
fully worked out by Miss Frances N, Clark, of the 
California State Fisheries Laboratory, at Terminal, 
California, between San Pedro and Long Beach. The 
record, an illustrated pamphlet of fifty-five pages 
(offered as a thesis for the degree of doctor of 
philosophy at the University of Michigan), is pub- 
lished by the California Fish and Game Commission. 
It is entitled “The Life History of Leuresthes tenuis, 
an Atherine Fish, with Tide-controlled Spawning 
Habits.” The origin of the name “grunion” I have 
not been able to trace. 


Davin STARR JORDAN 
STANFORD UNIVERSITY 


ADSORPTION MECHANISMS 


Cotto chemists have for some time considered 
adsorption as being of two kinds—“polar’ and 
“apolar,”? or adsorption at “watery points” and at 
“oily points.”? The writers believe that a more def- 
nite classification of adsorption forces in terms of 
atomic and molecular structure is both possible and 


1 Freundlich, ‘‘The Elements of Colloid Chemistry,’’ 
translated by Barger (Dutton, New York, 1924); p. 64. 

2Loeb, ‘‘Proteins and the Theory of Colloid Be- 
havior’’ (McGraw-Hill, New York, 1922); p. 283. 
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jesirable. Such a classification will be attempted 
in this note. 

Let us consider first the sources of affinity (i.e., of 
attraction for other atoms or groups) in an atom or 
croup of atoms. The most common of these are the 


following : 
(a) An unpaired electron in the valence shell of 


an atom. 

(b) A positive atomic kernel (H, Na, Cu, etc.) 
not surrounded by electronpairs. 

(c) An electro-negative atom, or more specifically 
q lone electronpair (a pair of electrons not acting as 
a bond between atoms) in the valence shell of a nega- 
tive atom. 

(d) Double and triple bonds and similar structures 
(such as three- or four-membered rings) in which one 
(or more) of the bonding electronpairs is not near 
the line joining the centers of the two atoms it holds 
together. 

The actual magnitude of the attraction between two 
structures will of course depend not only on the kind 
or kinds of affinity regions possessed by each but also 
on what we might call the “degree of affinity” or the 
“degree of unsaturation,” which will vary widely for 
different substances. Thus we should expect an 
“acid” hydrogen atom (class b) to have a greater 
affinity than a hydrogen atom in a paraffine hydro- 
carbon for an oxygen atom in another molecule 
(class ¢). 

Structures of type (a), because of their strong 


| affinity for similar structures, rarely exist at ordinary 


temperatures.* Amorphous carbon and the fresh sur- 
faces of some metals, however, probably constitute ex- 
ceptions to this generalization. Adsorption by these 
substances we may assume to be largely of the (ab) 
(ad) and perhaps (ac) types, according to the 
nature of the substances adsorbed. 

From erystal structure and other evidence,* we 
know that (b) and (c) type structures mutually 
attract each other, often quite strongly. From or- 
ganic chemistry there is considerable evidence® that 


two (d) structures attract each other, an addition 


product (often existing only momentarily) being 
formed. Attractions of these types—(be) and (dd) 
—we might assume to be important in adsorption 
processes. We might also expect (bd) and perhaps 
also (ed) adsorption. 

Adsorption is very likely often a mixture of the 
above types. By properly choosing the substances 
studied, however, it may be possible to study sepa- 
rately the characteristics of the different kinds. 


° Cf., Lewis, ‘‘ Valence and the Structure of Atoms and 
Molecules’? (Chemical Catalog Co., New York, 1923); 
Chapter VI. Huggins, Phys. Rev., March, 1926. 

*Cf., Huggins, J. Phys. Chem., 26, 601 (1922). 

5 Huggins, J. Am. Chem. Soc., 44, 1607 (1922). 
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The relation between the foregoing method of clas- 
sification and the division into “polar” and “apolar” 
adsorption is only partly obvious. (bd) adsorption 
is certainly “polar,” while (dd) adsorption is proba- 
bly to be identified with “apolar” adsorption. The 
other types are more difficult to classify. Perhaps 
it will be better not to try, but rather to frankly 
admit that adsorption is of more than two kinds. 

Maurice L. Huaeins 
JOHN FIELD, 2ND 
STANFORD UNIVERSITY 


WHO DISCOVERED VITAMINES? 

WHILE it might be irrelevant for humanity who is 
the discoverer of vitamines, so long as they became 
known, nevertheless it is a question of general inter- 
est for the public and of personal interest to numer- 
ous workers in this field. 

While the most important work on this subject was 
done in the years 1911-1912, it suddenly became 
known in 1919! that Sir Frederick G. Hopkins, of 
Cambridge University, was credited as its discoverer. 
The same opinion is shared by certain English, Amer- 
ican, French and German investigators, to quote only 
a recent article by Drummond, Channon and Coward.? 
Attribution of the discovery to Hopkins was particu- 
larly surprising to me, as I have worked in the years 
from 1910 to 1915 in London, chiefly at the Lister 
Institute, on the same subject and never heard Sir 
Frederick quoted or regarded as the discoverer of 
vitamines. It is only since I left England in 1915 
that these rumors began slowly to penetrate to me. 
Unless the English investigators possess in their hands 
some additional experimental evidence, beyond a lee- 
ture by Hopkins (which remained unknown to every 
worker up to 1919) in 1906 and two experimental 
papers in 1912, in justice to other pioneer workers 
in the vitamine field he should not be regarded as 
their discoverer. In fact, his experimental paper 
was presented so late (1912) that it exerted a rela- 
tively small infiuence on the development of the whole 
subject. His paper came many years after the re- 
searches of Bunge and his school, Forster and others 
and even later than the work of Eijkman, Grijns, 
Stepp, Schaumann and myself, and therefore re- 
mained unknown to all these workers. 

What are the facts? In 1906 Sir Frederick un- 
dertook a series of famous experiments on the impor- 
tance of certain aminoacids in foods, particularly 
tryptophane, then recently discovered by him. He 
apparently noticed then that even on adding trypto- 
phane to tryptophane-deficient diet, the animals im- 


1 Report Medical Research Committee, No. 38, 1919. 
2 Biochemical Journal, 19, 1047, 1925. 
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proved for a while, but died, however, later. He for nutrition; (3) the first chemical study of Vitamin famto @PP! 
refers vaguely in his New York City lecture to an B (1911), which unfortunately for the problem },,jimitation 


evidence, which at best must have been very incon- 
elusive at this early period,’ that some hitherto un- 
known food elements must be present in a complete 
dietary. He refers to this in 1906* as follows: 


But further no animal can live upon a mixture of pure 
protein, fat and carbohydrate, and even when the neces- 
sary inorganic material is carefully supplied, the ani- 
mal still can not flourish. The animal body is adjusted 
to live either upon plant tissue or other animals and 
these contain countless substances other than the pro- 
teins, carbohydrates and fats. Physiological evolution, 
I believe, has made some of these well nigh as essential 
as are the basal constituents of diet; lecithin for in- 
stance, has been repeatedly shown to have a marked in- 
fluence upon nutrition, and this just happens to be some- 
thing familiar, and a substance that happens to have 
been tried. The field is almost unexplored, only it is 
certain that there are many minor factors in all diets 
of which the body takes account. In diseases such as 
rickets, and particularly scurvy, we have had for long 
years knowledge of the dietetic factor, but though we 
know how to benefit these conditions empirically, the real 
errors in the diet are to this day quite obscure. They 
are, however, certainly of the kind which comprises these 
minimal quantitative factors that I am considering. 
Scurvy and rickets are conditions so severe that they 
force themselves upon our attention, but many other 
nutritive errors affect the health of individuals to a 
degree most important to themselves, and some of them 
depend upon unsuspected dietetic factors. 


If we analyze this statement we must admit that 
Hopkins showed unusual perspicacity at this early 
time. On the other hand, he showed no evidence 
that he knew to what class of substances these mys- 
terious agents could be referred. His mention of 
lecithin, for instance, makes him attribute a particu- 
lar role to already known substances that has been 
undoubtedly misleading. If we compare this state- 
ment of Hopkins of 1906 with the statement of Bunge 
of 1891, viz., “Mice can live well under these condi- 
tions when receiving suitable foods (milk), but as the 
above experiments demonstrate that they were unable 
to live on proteins, fats, carbohydrates, salts and 
water, it follows that other substances indispensable 
for nutrition must be present in milk besides casein, 
fat, lactose and salts,” we must admit that Hopkins 
did not advance the question much since the work of 
Bunge. 

As regards my own role in the vitamine field the 
only claims I can put forward are: (1) the recogni- 
tion of the existence of several vitamines; (2) the 
right conception about the importance of vitamines 


8 J. Ind. Eng. Chem., 14, 64, 1922. 
4 Analyst, 31, 395, 1906. 








not been improved on yet; (4) general stimulation . Mimpumber 
researches in this field through expressed ideas, ¢,, fmmpmaller 
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biochemistry and physiology (discovery of trypt. je! me 
phane, the chemistry of the muscle, the discovery of Mmpetweer 
glutathion) together with his charming personality 
have made him, even without the title of discover: jm 442’ 
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May I make a comment and ask a question with Moon. 
reference to the recent notes on citations of scientifi The « 
literature that have been appearing in ScIENCE? ootnot 
Furfey (February 26, 1926, pp. 231 f.) makes many #pumera 





excellent comments. To his remarks upon the use of fpreater 
“on. cit.”’ I should like to add the comment that, Mipomes 

much as uniformity is to be desired, clarity is eva fJAFL, 
more important. There is something to be said forferring 
footnotes, since they allow the author to add im (Mplarity 
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insist on uniformity with respect to “op. cit.” mean 
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precise reference can easily be found and when i 
will be lost among others. My plea here is agains 
arbitrary uniformity by authors or editors. 

My other question concerns the place of the date 
in a citation. Leffmann’s (February 26, 1926, p. 231) 
and one of Merrill’s (November 6, 1925, p. 420) im 
stances place the date separately from the volume and 
pages. It seems to me to be much better for the datt 
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itamin, fmm appear between the citation of volume and the 
lem hay mpitation of pages, because the nature of the date- 
ation of fmmpumber nearly always distinguishes it from the 
PAS, gy. aampmaller numbers for volume and for pages, and one 


oes not then have to use bold-face type or ordinarily 






















the dis. to print “vol.” or “v.” I remember, however, once 
L sing! Immpringing tears into the eyes of a librarian by sug- 
old can fampesting that the pages be separated from their volume 
Schay. faEby the date. It seems so logical to follow this order 


nd to make for so much greater clarity that I can 
sot understand why bibliographical practice is ordi- 
narily against it. Can any of the readers of ScrENcE 
ell me why the date should not be interpenetrated 
between volume and pages? 
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Epwin G. Borine 
HARVARD UNIVERSITY 


A un1rorM, clear style for footnote citations is un- 
nuestionably desirable and no one is in better position 
o realize it than the editors of journals receiving 
~ontributions from a wide range of authors. These 
very same journals also have a wide range of readers 
o whom uniformity and fulness of citation will be a 
poon. 
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4 ootnotes is over-abbreviation. Certainly, Arabic 
mal} @@pumerals are preferable to Roman because of the 
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omes to using cryptic formulas such as PSBA, 
JAFL, BAMNH, PCAS, AJS, ACM, ete., in re- 
erring to publications, it seems that we sacrifice 
larity for the sake of saving half a line of type and 
vive many a reader a crossword puzzle instead of a 
lear citation. Ink and paper are cheap. Why not 
se enough of both to make footnote citations uni- 
orm, clear, unambiguous and understandable to every 
eader ? 
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p Te RAILROAD PASSES FOR SCIENTIFIC 
akes WORK 

ce Wirx the development of scientific research, many 
hereMield investigations are carried on. Since science is 
enct™poor, it would be desirable to have railroad passes to 
butturther this work. This laboratory has made plans 


neni ito investigate some of the results, on the human or- 
theeanism, of a surgical operation. Such work will have 
n ito be done in the field, necessitating travel for which 
ins we have no funds. 

The Interstate Commerce Commission, which regu- 
fates the issuing of railroad passes, provides free 
Tansportation to “persons exclusively engaged in 
haritable or eleemosynary work.” It makes no men- 
ion of the matter of scientific research. Evidently, 
scientific research is a question which the Interstate 
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Commerce Commission has not considered. Is scien- 
tific research charitable or eleemosynary? Possibly 
a large part of research might be so called since there 
is no remuneration paid to college professors carry- 
ing on such research as an extra load to teaching. 
The results of much such research evidently are be- 
stowed gratuitously on succeeding generations. 

This laboratory has approached one railroad and 
they express their willingness to donate a pass if they 
can be sure that such action will be within the law. 

It seems that it would be desirable that this ques- 
tion be considered by men of science and some state- 
ment be made to the Interstate Commerce Commis- 
sion in order that this latter body may take some 
action. 

HERBERT W. RoGers 

PSYCHOLOGICAL LABORATORY, 

LAFAYETTE COLLEGE 
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Mosquitoes of Surinam—A Study in Neotropical Mos- 
quitoes. By C. Bonne and J. BoNNE-WEPSTER. 
Royal Colonial Institute of Amsterdam, Depart- 
ment of Tropical Hygiene, 1925, 558 pp., 31 pl. 


Dr. Bonne for a number of years was government 
bacteriologist of Surinam. He and his talented wife, 
Mrs. J. Bonne-Wepster, greatly interested in all sani- 
tary matters, conceived the idea as early as 1916 that 
they would'make a careful study of the mosquitoes of 
that region, and the present fine volume is the result. 
It took many years in the course of its preparation 
and a number of years more to secure its publication. 
They began to correspond with the writers in the 
summer of 1916 and to send in specimens for identifi- 
cation. Later, in 1919, they came to Washington and 
spent some time in the National Museum studying 
the mosquito collections and familiarizing themselves 
with the methods used in the preparation of the four- 
volume Monograph of the Mosquitoes of North and 
Central America and the West Indies, the final parts 
of which had recently been published by the Carnegie 
Institution. Although very appreciative of the op- 
portunities given them in Washington and greatly 
pleased with the result of their work here, their thor- 
oughgoing ideas led them subsequently to visit the 
British Museum and to make a careful study of the 
types of neotropical species which had been before 
Theobald’s eyes when he wrote his elaborate Mono- 
graph of the Culicidae of the World. They then 
went to Holland and began the arrangements for the 
publication of their extensive work. A little later 
they returned to Surinam and continued observations, 
but have now gone back to Holland, where Dr. Bonne 
has been made director of the Laboratory of the Can- 
cer Research Institute in Amsterdam. 
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The book before us is, fortunately for us, written 
in English. It is printed admirably in large, well- 
spaced type. It covers 558 pages and is illustrated 
by thirty-one plates carrying eighty-three figures. 
These figures are of hypopygial structures and larval 
details. The work is practically exclusively of a 
taxonomic character. It includes full descriptions of 
all the species found by the Bonnes in Surinam, ex- 
cept certain species of Culex, subgenus Choeroporpa 
and also gives short notes on all the other species of 
tropical America known to them. In spite of its 
rather strict taxonomic character, there are occasional 
interesting and important biological notes appended 
to the descriptions. We wish there had been more 
of these notes and that the authors had been able to 
insert a separate chapter on group habits and ecology. 
Although three pages are given to the habits of the 
yellow fever mosquito, it would have been extremely 
interesting had they ineluded absolutely everything 
about this important species that came to their notice 
in their years of study in Guiana. Their account of 
the apparent spread of the species from the coast to 
the interior is suggestive and may be of significance 
in the consideration of the question of the original 
home of yellow fever and the mosquito that carries it. 

It is quite possible that from the sub-title of the 
book a misconception may arise as to its scope. It 
is in no sense a complete treatise on Neotropical mos- 
quitoes. We think it would have been better if Dr. 
and Mrs. Bonne had confined themselves to the origi- 
nal title, “Mosquitoes of Surinam.” Then the original 
and painstaking observations on those insects would 
have appeared without dilution. From the sub-title, 
“A Study of Neotropical Mosquitoes,” one would ex- 
pect a mention of all the recorded Neotropical forms. 
The authors surely did not intend this construction, 
since they had but little first-hand information from 
regions farther south. It results that there is much 
compilation, in which the original observations seem 
lost. Of course the new matter is still there, but it 
has to be delved for and seems fragmentary. Simply 
the mosquitoes of Surinam would have been a con- 
densed and very creditable piece of work. 

If under a natural misconception from the sub- 
title we were to consider the work as a compilation 
of Neotropical mosquitoes, it is very incomplete. To 
begin with, the authors were apparently frightened at 
the large number of small Culex of the group Choero- 
porpa, and they simply left them out. At least the 


species might have been listed and the probable syn- 
onymy, in the opinion of the authors, pointed out. 
There are forty-five species recognizably described in 
this group, of which our authors notice but fourteen. 
By restriction to the tropics and omission of these 
recently described, the list would naturally be reduced 
somewhat; but still the omission may be considered 
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serious. Other omissions are less important, but cay 
be picked up here and there. They serve, howeye, 
to diminish the authoritativeness of the work as “ 
lating to the whole Neotropical fauna. Especially 
with the Sabethids, lack of personal acquaintang 
with the species has led to occasional repetitions, ag 
with homotina, treated both as a Wyeomyia and , 
Goeldia. The Brazilian species described by Lyt, 
and Peryasstii have been omitted, as is stated. We 
think they should have at least been listed. Some day 
we shall find out what these species are; but with the 
specific criteria at present in use the old descriptions 
are worthless. We do not blame our authors for not 
going further; but we wish the work had been con. 
plete for the Neotropics. 

But all this concerns itself with what might haye 
been. We realize that the authors’ work was done 
in Dutch Guiana, and that, as an account of the mos- 
quitoes of Surinam, the work has a very high rank. 
With the exception of Panama, and excluding the 
work done in Brazil, we do not know of another 
tropical American region in which the Culicid fauna 
has been covered with the intelligence, care and con- 
pleteness exhibited in this volume. 

L. O. Howarp 
Harrison G. Dyar 
WASHINGTON, D. C. 





SCIENTIFIC APPARATUS AND 
LABORATORY METHODS 


A SIMPLE METHOD FOR OBSERVATION OF 
THE LIVING CHICK EMBRYO 

DurinG the progress of a series of observations" by 
the author on the effects of suffocation on the chick 
embryo, it became very desirable to know the exact 
time of the cessation of heart beat. It seemed to us 
that it should be possible to remove a portion of the 
shell, cover the egg loosely to reduce evaporation and 
observe the embryo as often as desired. We first tried 
removing about a fourth of the entire shell from the 
top of the egg when it was lying in a horizontal posi- 
tion, placing the egg on a piece of paper, covering it 
with a beaker.or tumbler and placing the whole in 
the incubator. This method enabled us to observe 
embryos from their forty-fourth hour of incubation 
to about their hundred and twentieth hour. Eggs 
opened before the forty-fourth hour of incubation 
seldom developed further. 

Then it was found that by removing about a square 
inch of shell from the large end of the egg, together 
with a little albumen, placing the egg in a vertical 
position in the neck of a short, wide-mouthed bottle, 
(simply for support in that position), and covering 


1 Byerly, T. C., 1926, ‘‘Studies in Growth. I. Suffo 
cation Effects in the Chick Embryo,’’ Anat. Rec. vol. 32. 
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pottle and egg with a beaker just tall enough to clear 
the egg, the embryo would develop from the twenty- 
fourth to the hundred and tenth hour of incubation. 
The embryo came into view at the edge of the ex- 
posed surface very soon after the shell was removed. 
Mortality was rather high. 

Up to this time, we had been unsuccessful in de- 
veloping normal embryos in eggs from which such an 
area of shell had been removed prior to incubation. 
But at this point we found that by retarding evapora- 
tion still further by ‘plugging the tumbler or beaker 
used as a cover loosely with a towel or with cotton 
it was a very simple matter to observe approximately 
normal development in the embryo from the unin- 
cubated stage to about one hundred five hours incu- 
bation. These chicks die at a remarkably uniform 
age; they do not die from the direct effects of evapo- 
ration. The causes of their death are being investi- 
gated in these laboratories at present. 

This method makes it possible for any undergradu- 
ate student to study the first four days of the develop- 
ment of the chick embryo in the same chick, to catch 
any desired stage for histological study, and that 
without the mastery of a difficult technique or a sup- 
ply of expensive apparatus. It is almost superfluous 
to point out the added ease of experimentation that 
this technique offers the investigator of the early de- 
velopmental physiology of the chick embryo. 

The materials required are: 1 tumbler, 6” x 2.5”; 
1 straight-side bottle, 3” x 1.5”, and one small towel. 
The bottle and tumbler should be washed with 95 per 
cent. alcohol; further sterilization has so far been un- 
necessary. The towel should be crumpled and placed 
beneath the bottle containing the egg and all three 
inserted into the tumbler until the surface of the egg 
The as- 
sembled apparatus is placed in the incubator and may 
be removed for observation at will. Frequent dis- 
sembling of the apparatus for brief intervals to expe- 
dite closer inspection seems to do no harm. 

T. C. ByErty 

LABORATORIES OF ANIMAL BIOLOeY, 

State UNIVERSITY oF Iowa 





SPECIAL ARTICLES 


THE ORIGIN OF VACUOLES 


DEVELOPMENT of vacuoles in the cytoplasm of plant 
and animal cells is not uncommon both under experi- 
mental and natural conditions. As regards plant cells 
our own historical approach to the subject may be 
cited to illustrate the fact. 

For many years our students have been instructed 
to study a vacuolization of the cytoplasm that chro- 
mates and dichromates in plasmolyzing concentration 
produce, e.g., in the epidermal cells of onion bulb 
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seales.1 Later, a similar frothing of the cytoplasm 
in various cells was noted to oceur with any plasmoly- 
tic agent after preliminary action of trivalent cations 
even in very dilute solution.? In sufficiently high 
concentration, however, even the most innocuous plas- 
molytes by themselves may cause subsidiary vacuoles 
to arise in the cytoplasm—a matter of common ob- 
servation. 

It is not only with plasmolyzing agents that this 
effect is produced, but also with other more readily 
penetrating substances, e.g., narcoties such as chloro- 
form and ether and by salts after exposure to very 
low concentrations (1 per cent.) of these. The outer 
surface and also the interior of the chloroplasts are 
common situations for the vacuoles to arise when 
produced in this way, as was observed even by von 
Mohl. 

But without any artificial influence similar vacuoles 
may form in normal cells. One of us recently demon- 
strated their constant occurrence in the gametes dur- 
ing the conjugation process in Spirogyra® and further 
proved their excretory function as exercised in the 
taking up of water from the central vacuol& and its 
discharge to the exterior in typical “contractile” 
fashion. The same author has recently found Vam- 
pyrella to be comparable in a remarkable degree to 
the gametes of Spirogyra, in that rapid excretion of 
water takes place by the activity of numerous con- 
tractile vacuoles appearing anywhere in the hyaline 
zone of the body; and that in addition to water, 
solid excreta are ejected by the simultaneous action 
of small vacuoles dispersed beneath the entire free 
surface. 

To this is now to be added two principal facts 
primarily observed by the other writer, but studied 
by both of us, viz., (1) that the vacuoles produced 
under the action of a strong plasmolyzing agent are 
also contractile, and (2) that these vacuoles originate 
from peculiar bodies already present in the cytoplasm. 
These bodies, more fully described elsewhere, bear 
a strong resemblance to the growths of lecithin in 
water which have long been known as “myelin forms.” 
They are normally of irregular and varying shape 
and consist of an external lipoid (osmie acid reduc- 
ing) film which is usually liquid and extensible, en- 
closing apparently a more aqueous interior which is 
usually in circulation. 

On treatment with a rather concentrated plasmolyz- 
ing agent, e.g., 1M or .75M cane sugar, the irregular 

1 Lloyd, F. E., and Searth, G. W., ‘‘An Introductory 
Course in General Physiology,’’ Montreal, 1921. 

2Searth, G. W., ‘‘ Adhesion of Protoplasm to the Cell 
Wall and the Agents which cause it,’’ Proc. Roy. Soe. 
Can. Ser. II, 17: 137, 1923. 

3 Lloyd, F. E., ‘‘Conjugation in Spirogyra,’’ Trans. 
Roy. Can. Inst. 15: 129, 1924. 
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bodies round up into small spheres which soon begin 
to swell and behave actively as contractile vacuoles. 
Since a fresh vacuole frequently starts up where one 
has disappeared it is possible that the evacuated 
membrane of one condenses to form the primordium 
of another. There is good reason to believe that 
sugar in the above concentrations enters the cyto- 
plasm, where, by some process that we do not under- 
stand, it is probably concentrated in the contractile 
vacuoles, the resulting swelling and bursting being 
explicable simply as osmotic and surface tension phe- 
nomena. When, owing probably to high viscosity 
of the external surface of the protoplasm induced, 
e.g., by chromates, ete., the vacuoles fail to burst, 
the cytoplasm becomes thickened into a foamy mass. 

There are suggestions in the literature that an 
origin of vacuoles from similar bodies may be the 
rule in widely different cell types. For example, the 
production of secretory vacuoles from the so-called 
“Golgi apparatus” in cells of the Epididymis as de- 
scribed by Nassonov‘ and Ludford.® Now in Spiro- 
gyra one phase of the polymorphic myelin growths 
answers every description of the “Golgi apparatus.” 
Mention may also be made of Bensley’s account® 
based on a study of fixed materials of the evolution 
of the central vacuoles in onion roots from a canalicu- 
late system which might well be identical with what 
we have described in the living cell. 

To summarize, in the origin of vacuoles a portion 
of the living protoplasm which is enclosed in a film 
of lipoid substance enlarges in volume by the intake 
of water. At what stage the diluted protoplasmic 
substance ceases to be alive or whether the central 
vacuole may be part of the living system thus be- 
comes a question analogous to that of the cell wall. 
There are grounds, however, for regarding the limit- 
ing film as not altogether dependent on the life of 
the cell for some of its most characteristic behaviors. 
As regards its growth the resemblances to the physical 
growths of lecithin is remarkable, and as regards semi- 
permeability the lining of the sap cavity, which gives 
a similar lipoid reaction, may retain this property 
long after the cell is dead. This has been known 
since De Vries’s “Plasmolytischen Studien,” but we 
have recently observed extreme examples of the fact. 
In eells “killed” by iodine with eosin the vacuolar 
membrane contracted in concentrated glycerine; there- 
after for 8 days it underwent slow deplasmolysis re- 
taining its smooth contour, and, for a part of the 
time, maintaining a high concentration of eosin, in- 
deed much higher than on the outside. Recently we 
have noted that the tonoplast can retain its smooth 
contour also after sufficient treatment with osmic acid 


4 Nassonov, D., Archiv. fur mik. Anatomie, 100: 1924. 

5 Ludford, R. J., Proc. Roy. Soc. B. 98: 354, 1925. 

6 Bensley, R. R., through Cowdry’s ‘‘General Cytol- 
ogy,’’ p. 343. 
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vapor to flocculate the contents (in part) of the cen. 
tral vacuole. 
F. E. Luoyp 


G. W. Scarrg 
McGitt UNIVERSITY 


THE TRANSFER OF EXCITED ENERGY 
FROM OZONE TO HYDROGEN 
AND NITROGEN 

Franck and Cario' have shown that energy may 
be transferred from photosensitized mereury atoms tp 
hydrogen at low pressures. The behavior of the ex. 
cited hydrogen leads these workers to conclude that 
the active gas is hydrogen atoms. Bonhoffer? has 
made a study of the decomposition of ozone by photo. 
sensitized chlorine and bromine to determine a rela. 
tion between the absorbed radiant energy. Rideal and 
Norrish* have used the photosensitization of ozone 
decomposition by chlorine in a determination of the 
kinetics of the reaction between hydrogen and oxygen. 
Taylor and Marshall‘ give the results of their work 
on the reaction of hydrogen atoms, produced by ex. 
cited mereury atoms, with a variety of gases, includ- 
ing nitrogen. The hydrogen and nitrogen used was 
freed from oxygen. Mixtures of nitrogen with excess 
hydrogen when illuminated with resonance radiation 
in the presence of mercury vapor showed little or no 
change in pressure and the tests with Nessler’s reagent 
at the close of the runs were negative. However, 
Noyes® reports that ammonia is formed in mixtures of 
hydrogen and nitrogen by transference of excited 
energy from mercury atoms to the molecules of the 
above gases. In the report by Noyes we are not in- 
formed if special precautions were taken to remove 
oxygen except in his investigation using mixtures of 
hydrogen and nitrogen in contact with vapor of boil- 
ing mercury. In this case no ammonia was formed 
when oxygen had been removed from the gas mixture 
previous to its contact with mercury vapor. Dickin- 
son® by using the method of Franck and Cario for 
making atomic hydrogen has shown that excited hy- 
drogen atoms combine with oxygen at 45° C. This 
work has been extended by Mitchell,’ who finds that 
the rate of the reaction between illuminated hydrogen 
and oxygen in presence of mercury vapor depends 
upon the pressure of the oxygen; and also that this 
reaction is retarded in the presence of argon. In the 
conclusion, he suggests the possibility that the active 
hydrogen is not atomic. ‘These investigations de- 
scribed above have been conducted largely at low pres- 


1 Zeit. Physik., 12, 162 (1922). 

2 Zeit. Physik., 13, 94 (1923). 

8 Jr, Chem. Soc., 127, 787 (1925). 

4 Jr. Physical Chem., 29, 1140 (1925). 
5 Jr. Am. Chem. Soc., 47, 1003 (1925). 
6 Proc. Nat. Acad. Sci., 10, 409 (1924). 
7 Proc. Nat. Acad. Sci., 11, 458 (1925). 
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sures and with the gases in the field of light during 
the period that the transfer of excitation has occurred. 

Marshall and Taylor® find that active hydrogen pro- 
duced by the Wood’s method in a high tension dis- 
charge at low pressures will react with unilluminated 
chlorine to form hydrogen chloride. In a further 
study of this reaction Marshall® concludes that more 
hydrogen chloride is formed than can be accounted 
for by the number of hydrogen atoms entering the 
reaction tube. He explains these results by means of 
a chain mechanism. But Wendt and Landauer?® show 
that active hydrogen, other than atomic, is formed in 
a low pressure high tension discharge. Polyatomic 
hydrogen in a higher quantum state may be a factor 
to be considered in accounting for the abnormal re- 
sults obtained by Marshall. 

Results have been obtained by Venkataramaiah™ 
which indicate that hydrogen is activated by continu- 
ous burning of oxygen in hydrogen. He considers 
that when the combustion is once initiated by spark 
discharge the reaction activates the hydrogen. Prob- 
ably electrons of high kinetic energy capable of ion- 
izing hydrogen are emitted by the reacting molecules. 
This very interesting work of Venkataramaiah’s sug- 
gested the investigation the results of which are re- 


| ported in the present communication. 


Since active hydrogen is formed in the combustion 
of oxygen in hydrogen at the temperature of the flame, 
we might expect the same reaction to take place, but 
at a much lower velocity, if the temperature was 
lowered. But hydrogen and oxygen do not combine 
very readily at ordinary temperatures without the 
intervention of a catalyst. The problem was to in- 
crease the velocity of combination of hydrogen and 
oxygen at ordinary temperatures without using a solid 
catalyzing agent. Pickel?? reports that ozone reacts 
with hydrogen appreciable below 100° C; also that 
the union of active oxygen with hydrogen takes place 
faster than the reversion of ozone to oxygen. It has 
long been known that ozone is formed in flames, and 
it was thought that ozone might play a part in the 
activation of hydrogen in the flame as described by 
Venkataramaiah. The active hydrogen produced by 
corona discharge,!; 1* by electrolysis,’> 2° and by the 


» displacement of hydrogen from an acid by a metal,?” 


8 Nature, 112, 937 (1923). 

°Jr. Physical Chem., 29, 842 (1925). 

10 Jr, Amer. Chem. Soc., 42, 930 (1920). 

11 Jr, Am. Chem. Soc., 45, 261 (1923). 

12 Zeit. Inorg. Chem., 38, 307 (1904). 

13 Wendt and Grubb, Jr. Amer. Chem. Soc., 42, 937, 
(1920). 

14 Anderegg, Jr. Am. Chem. Soc., 47, 2429 (1925). 

15 Grubb, Nature, 111, 671 (1923). 

16 Venkataramaiah, Nature, 112, 57 (1923). 

17 Grubb, Science, 57, 696 (1923). 
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will react with nitrogen with the formation of am- 
monia. Therefore there seemed to be some prob- 
ability of catalyzing the reaction of hydrogen with 
nitrogen by using a high concentration of ozone 
evolved into a mixture of the two gases. 

A solution of sulphuric acid sp. gr. 1,213, at 15°, 
was electrolyzed, using a current of 6.2 amperes. The 
drop of potential across the electrodes was nine volts. 
A piece of platinum foil 5 sq em in area served as a 
eathode. The anode was a platinum wire .5 mm in 
diameter and 31 mm in length. 

A stream of hydrogen and nitrogen at atmospheric 
pressure mixed approximately in a ratio of three to 
one, respectively, and at a velocity close to eight liters 
per hour, was led directly down over the anode at 
which the ozonized oxygen evolved at a very rapid 
rate. The escaping gas mixture was washed with 
ammonia free water in an absorption bulb such as 
described by Duane and Wendt.*® 

The gases and sulphuric acid solution were previ- 
ously tested with Nessler’s reagent and found to be 
ammonia free. The nitrogen was purified in system 
used by Mr. A. S. Ellis, who is making a study in this 
laboratory of current density in relation to percentage 
of active hydrogen produced at cathodes of various 
metals. 

Runs of fifteen minutes’ duration were made, and 
in every case so much ammonia was found upon 
Nesslerizing the absorbing liquid that the color was 
too deep for a quantitative estimate. To obtain the 
quantity of ammonia formed the absorbing solution 
was diluted with ammonia free water to a definite 
volume and an aliquot part taken for the Nessleriza- 
tion. Tests were made on the absorbing liquid for 
decomposition products of sulphuric acid but none 
were found. 

Runs were made duplicating conditions of those 
described, except that no hydrogen was mixed with 
the nitrogen in the gas stream led down over the 
anode. In every trial the absorbing liquid was free 
from ammonia. This seems to indicate that the ozone 
was transferring its excitation to the hydrogen, which 
in turn was capable of uniting with nitrogen to form 
ammonia. 

Weigert?® reports that in the dark there is no ap- 
preciable reaction between ozone and hydrogen within 
an hour. It was thought that diffused light might 
have some influence upon this reaction between ozone, 
hydrogen and nitrogen; also we wished to learn if 
this reaction was accompanied by light phenomena 
such as are associated with the Strutt active nitrogen. 
Runs were made for fifteen minutes in the dark under 
the same conditions as described for mixtures of hy- 


18 Phy. Rev., 10, 116 (1917). 
19 Zeit. Physik. Chem., 90, 189, 1915. 
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drogen, nitrogen and ozone. Careful observations 
were made for light phenomena but none were noticed. 
The amount of ammonia formed seemed to check very 
well with that for previous runs and apparently there 
is very little if any decrease in the velocity of the 
reaction due to the absence of light. There are a 
number of factors which need investigating to throw 
light upon the mechanism of this transfer of excited 
energy. In the formation of the ammonia we might 
assume that the reaction is preceded by the ioniza- 
tion of the reacting constituents. The hydrogen may 
be ionized by the energy transferred during a col- 
lision with an excited ozone molecule. The hydrogen 
ions would then be free to combine with hydrogen 
molecules to give a polyatomic group. A reaction be- 
tween hydrogen molecules and ionized hydrogen has 
been suggested by Smyth?° and by Hodgness and 
Lunn?! in a study of ionization potentials. These 
workers find that at very low pressures the percentage 
of polyatomic groupings is very small, but that 
higher pressures favor the reaction H, + H*=H,*. 

Whether the ozone transfers any excitation to the 
nitrogen has not been determined. Lowry?? found 
that ozone did not react with nitrogen sufficiently to 
form an acid unless the nitrogen had been subjected to 
an electronic discharge previous to mixing with ozone. 
However, this only shows that the ozone does not 
transfer energy to nitrogen in sufficient quantities 
under Lowry’s experimental conditions to ionize the 
nitrogen and form the oxide. But the ozone will re- 
act with nitrogen that has been excited to a higher 
quantum state by electronic bombardment. 

Griffith and Shutt,?* in a study of “Photochemical 
Reactivity of Ozone in Presence of Other Gases,” find 
evidence for an abnormal reactivity of ozone and 
hydrogen when compared with the reactivity of ozone 
and nitrogen, or ozone and other gases. They have 
plotted the change in pressure against the initial ozone 
concentration and find that the curve contains both a 
minimum and a maximum. The pressure decreases 
with inereasing percentage of ozone to 1.5; then an 
increase of pressure occurs up to 9.5 per cent. of 
ozone. These two points, where the minimum and 
maximum are located, would indicate pressure equi- 
librium for two or more reactions. In explaining 
these results the authors have assumed that the hy- 
drogen remains in the molecular state and reacts with 
atomic oxygen to form water. We have obtained 
evidence which indicates that the hydrogen is also 
excited and is capable of combining with nitrogen. 
It would seem, then, that the reaction between ozone 


20 Phy. Rev., 25, 452 (1925). 

21 Phy. Rev., 26, 44 (1925). 

22 Jr. Chem. Soc., 101, 1152 (1912). 
23 Jr. Chem. Soc., 124, 2760 (1923). 
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and hydrogen is more complicated than the mechanisy 
offered by Griffith and Shutt. 7 

In the formation of ammonia the combination of gy 
atom of nitrogen with three atoms of hydrogen ind. 
cates that the sum total of transfer of excitation has 
been sufficient to not only ionize the nitrogen but also 
to dissociate it into atoms. This is probably not the 
result of a single collision of a nitrogen molecule with 
an excited group. If we consider Euchen’s** valyes 
for the heats of dissociation of nitrogen 440 kg. cal, 
of oxygen, 425 kg. cal. of hydrogen 90 kg. cal., re. 
spectively, in relation to each other, we might expect 
the excited ozone capable of transferring enough 
energy upon collision with the hydrogen molecule to 
produce hydrogen atoms, but this same relation would 
probably not be true for nitrogen. However, if ni- 
trogen atoms were produced we should expect some 
nitrates to be formed in the presence of such a high 
concentration of ozone. A careful search was made, 
but no nitrates were found. This is what we might 
predict from the relation of the above heat values, 
Also we find experimentally that nitrogen is much 
more readily reduced than it is oxidized. 

In extending the theory of Klein and Rosseland® 
relating to collisions of the “second kind” Franck” 
has postulated that during a collision of an excited 
group with an unexcited molecule the energy of exci- 
tation may be transferred to the colliding molecule 
without the emission of light. Some of the resultant 
energy may be manifest as chemical. Probably a 
part of the energy of formation of water and of 
ammonia is transferred as chemical. The formation 
of ammonia probably results from cumulative excite- 
tion during collisions of the “second kind.” If we as- 
sume that the active constituent in excited hydrogen 
at atmospheric pressure is the H, group, then two 
successive collisions of the nitrogen molecule with H, 
groups would probably tend to give two molecules of 
ammonia. 

It was noticed that during the course of this pre- 
liminary work a variation in the velocity of the gas 
stream gave inverse variations in the quantity of am- 
monia formed. Any changes in velocity of gas stream 
would produce variations in the concentration of 
ozone in the gas mixture and also increase or de- 
crease the time of contact of ozone with other gases 
before entering absorption bulb. These factors are 
being investigated further. 

A. C. Gruss 

DEPARTMENT OF CHEMISTRY, 

UNIVERSITY OF SASKATCHEWAN, 
SASKATOON, SASK. 


24 Ann. der Chemie, 440, 111 (1924). 
25 Zeit. fiir Phystk., 4, 46 (1921). 
26 Zeit. fiir Phystk., 9, 259 (1922). 














